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PEEFACE. 


When,  some  few  years  ago,  it  became  necessary  to  revise 
the  English  Edition  of  the  late  Prof.  PrantPs  Lehrbuch  der 
Botantk^  it  appeared  to  me  that  the  requirements  of  English 
students  would  be  more  satisfactorily  met  if  the  scope  of  the 
work  were  so  extended  that,  whilst  retaining  all  that  has 
made  it  of  value  to  beginners,  it  might  be  more  useful  to 
those  engaged  in  the  advanced  study  of  the  science.  With 
this  object  in  view,  the  number  of  pages  has  been  doubled 
by  additions  to  all  four  parts  of  the  book,  but  more  especially 
to  Part  III.  dealing  with  the  Classification  of  Plants. 

Though  the  form  of  Prof.  PrantUs  book  is  still  retained, 
and  here  and  there  paragraphs  from  the  English  edition 
have  been  inserted,  the  present  is  essentially  a  new  and 
distinct  work  for  which  I  alone  am  responsible,  and,  con- 
sequently, on  the  title-page  of  which  my  name  alone 
appears. 

I  would  most  gratefully  acknowledge  the  assistance 
which  I  have  received  from  my  friend  Dr.  D.  H.  Scott, 
F.R.S.,  Honorary  Keeper  of  the  Jodrell  Laboratory,  Eoyal 
Gardens,  Kew,  who  has  kindly  read  the  proofs,  and  has 
furnished  me  with  many  valuable  suggestions  and  criti- 
cisms. The  usefulness  of  the  book  is  enhanced  by  the 
incorporation  of  a  number  of  additional  illustrations :  most 
of  these  are  placed  at  my  disposal  by  the  publishers,  from 
their  English  edition  of  Prof.  Strasburger's  Practical  Botany] 
a  few  are  taken  from  various  other  sources  which  are  duly 
acknowledged. 

S.  H.  V. 
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ERRATA. 

Page    8,  line  10  from  bottom,  for  o/read  or. 
ft       9,  in  description  of  Fig.  2,  for  zygomorphic  read  isohilaUraJ. 
„     29,  line  6  from  bottom,  MarsiUa  should  be  spelt  MarriUa  throaghont. 
,,       for  othosHehies  read  orthostichies. 
„       for  inbricate  read  imbricate. 
top,  for  tranverte  read  transverse. 
bottom,  for  Mttcarini  read  Mucorina:. 

„       the  bracket  should  follow  the  word  intine. 
„      omit  that. 

,,      for  chor-zine-iod  read  chlor-zinc-iod. 
,,       for  mother-celt  read  mother-cellt. 
„      for  mother 'Ces  read  mother-cells. 
„      for  Oingko  read  Ginkgo. 
top,  for  Schizeacea  read  Schizaaceee. 
bottom,  for  that  »,  are  perpendicular  read  (/mC  »,  are 

parallel. 
top,  for  ot/t«r  read  outer. 
bottom,  for  protohploem  read  protophloem. 
182,  in  description  of  Fig.  139,  for  Kortex  read  Cortex, 
240,  line  8  from  bottom,  omit  Chlorodictyon. 

„      „    5    ,,  „       omit  Codiolum  marine. 

249    „  27    „  „      for  germinates  read  germinate. 

265,  in  description  of  Fig.  191,  for  oospores  read  oospheres. 
276,  line  9  from  top,  for  cuocarp  read  ascocarp. 
308,  in  description  of  Fig.  218,  for  spondia  read  sporidia. 
345,  «t  passim^  for  Symphogyna  read  Symphyogyna. 
368,  in  description  of  Fig.  250,  for  seratum  read  serratum. 
372,  line  6  from  top,  conspiciom  read  conspicuous. 
bottom,  for  t«  read  to. 

„      for  Class  I.  read  Ctow  Km. 
„      for  Class  I.  read  Class  IX. 
„       for  Ctofff  IL  read  C/a^  A', 
top,  for  Class  I.  read  C/a<«  VIII. 

„    omit  C^OM  If. 
bottom,  for  Ribes  alpina  read  Ribes  alpinum. 
„      for  Fain.  1  read  Fam.  3. 
„      for  inconspicucoiu  read  t;icon«ptciioiM. 
top,  for  Theobromo  read  Theobroma, 
,,    for  oZa  read  Co/a. 
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PAET  I. 

MORPHOLOGr. 

Introductory.  The  province  of  morphology  is  the  study  of 
the  form  of  the  body  of  plants,  including  the  development  of  the 
body,  the  segmentation  of  the  body  into  members,  and  the  form 
and  mutual  relations  of  the  members,  as  also  the  intimate  struc- 
ture (Anatomy  and  Histology)  of  the  body  and  its  members  in 
so  far  as  structure  throws  light  upon  the  morphology  of  any  part 
of  the  body.  It  is  an  essentially  comparative  study :  it  classifies 
into  categories  the  members  of  a  plant,  or  those  of  various  plants, 
according  to  their  morphological  nature,  that  is,  according  to  the 
mode  and  relations  of  their  development.  Each  category  consists 
of  homologous  members ;  of  members,  that  is,  which  essentially 
agree  in  the  mode  and  relations  of  their  development ;  or,  in 
other  TTords,  which  are  more  or  less  nearly  equivalent  morphologi- 
cally, because  they  are  of  common  descent. 

There  are  varioos  degrees  of  Homology ^  that  is,  of  morphological  relationship. 
— General  homology  exists  between  homologous  members  when  the  one  is  not 
the  precise  equivalent  of  the  other ;  for  instance,  the  sporogonium  of  a  Mobs 
is  generally  hoAiologous  with  a  Fern-plant ;  and  again,  the  sporangium  of  Ljco- 
podium,  being  borne  singly  on  a  sporophyll,  is  generally  Jiomologoui  with  all 
the  sporangia,  collectively,  borne  on  a  sporopbyll  of  an  Osmuuda.  Special 
homology  exists  between  two  homologous  members  when  the  one  is  the  precise 
equivaleut  of  the  other.  When  this  is  true  in  detail,  the  special  homology  is 
said  to  be  complete :  for  instance,  the  foliage-leaves,  the  perianth-leaves,  and  the 
sporophylls  of  a  Phanerogam  are  all  specially  homologous,  they  all  belong  to 
the  one  category,  leaves  ;  but  complete  special  homology  can  only  exist  between 
the  members  of  each  sub-division  of  the  category,  between  foliage-leaf  and 
foliage-leaf,  perianth-leaf  and  perianth-leaf,  and  so  on.  The  special  homology 
is  incomplete  when  the  members  compared  present  differences  in  detail ;  thus 
between  foliage-leaves,  perianth-leaves,  and  sporophylls  there  exists  incomplete 
special  homology ;  or  again,  the  sporangia  of  eusporangiate  plants  are  incom- 
pletely homologous  with  those  of  leptosporangiate  plants.  Members  may  have 
both  their  general  and  their  special  homologies ;  thus  whilst  the  sporangium 
of  a  Lycopodium  is  generally  homologous  with  all  the  sporangia  on  the 
sporophyll  of  an  Osmunda,  it  is  specially  homologous  with  each  individual 
sporangium.    Homologous  members  are  termed  the  homologues  of  each  other. 

Morphology  does  not,  however,  include  the  consideration  of  the 
V.  s.  B.  B 
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functions  of  the  varions  members  of  the  bodj,  except  in  so  far 
as  the  form  or  other  morphological  characters  of  any  member  may 
be  affected  by  special  adaptation  to  the  performance  of  some 
particular  function. 

For  instance,  foliage-leaves  and  sporophylls  are  specially  homologons ;  but 
their  special  homology  is  incomplete  on  account  of  the  differences  in  form,  due 
to  special  adaptation  to  their  functions,  which  they  respectively  present.  In 
this  case  essentially  similar  members  come  to  differ  widely : — in  other  cases, 
essentially  dissimilar  members  come  to  resemble  each  other.  For  instance, 
tendrils  are  climbing-organs,  and  are  all  much  alike ;  but  they  may  be  of  very 
different  morphological  value ;  either  modified  branches,  or  leaves,  or  parts  of 
leaves.  Tendrils,  therefore,  are  not  all  homologous ;  but  they  are  all  analogou^^ 
that  is,  whatever  their  morphological  value  may  be,  they  are  modified  in  the 
same  direction  for  the  performance  of  the  same  function.  Similarly  the 
flattened  stem-segments  of  Opimtia,  and  the  phyUoclades  of  Buscus,  are  the 
analogues  of  foliajie-leaves ;  and  again,  the  subterranean  shoots  of  Psilotum 
and  the  submerged  leaves  of  Salvinia,  being  absorbent  organs,  are  the  analo- 
gues of  roots  and  of  each  other. 

Prom  the  purely  morphological  standpoint  of  development  and 
mutual  relation,  the  yarious  parts  of  a  plant  are  regarded  as 
members  of  the  body  ;  whilst  from  the  physiological  standpoint 
of  function,  they  ai*e  considered  as  organs  of  the  body,  each  being 
specially  adapted  for  the  performance  of  some  particular  kind  of 
work.  The  more  clearly  the  members  of  the  body  are  marked  off 
from  each  other,  and  the  greater  the  variety  of  them,  the  higher 
is  the  degree  of  morphological  differentiation  which  the  body  pre- 
sents ;  similarly,  the  more  special  the  adaptation  of  the  organs, 
and  the  greater  the  variety  of  them,  the  more  complete  is  the 
physiological  differentiation^  or  the  division  of  the  physiological 
labour,  of  the  body. 

A  remarkable  fact  in  the  general  morphology  of  plants,  is  that 
they  are  more  or  less  polymorphic :  that  is  to  say,  a  plant  assumes, 
as  a  rule,  at  least  two  different  forms  in  the  course  of  its  life- 
history.  Most  commonly  it  presents  but  two  forms  which,  while 
they  may  differ  more  or  less  widely  in  form  and  structure,  differ 
essentially  in  that  the  one,  termed  the  sporophyte,  bears  asexual 
reproductive  organs  which  produce  certain  asexual  reproductive 
cells,  termed  spores,  each  of  which  is  capable  by  itself  of  giving 
rise  to  a  new  organism ;  whilst  the  other,  the  gametophyte,  bears 
sexual  reproductive  organs,  which,  as  a  rule,  produce  sexual  repro- 
ductive cells,  termed  gametes,  which,  though  each  is  by  itself  in- 
capable of  giving  rise  to  a  new  organism,  yet  by  their  fusion  in 
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pairs  form  cells,  of  the  nature  of  spores,  from  each  of  which  a 
new  organism  can  be  developed.  These  two  forms  alternate  more 
or  less  regularly  in  different  plants,  the  asexually-produced 
spores  of  the  sporophyte  giving  rise  to  gametophytes,  the  sexnally- 
prodaced  spores  of  the  gametophyte  giving  rise  to  sporophytes. 
Such  a  plant  is  dimorphief  and  its  life-history  presents  an  alter- 
nation of  generations,  that  is,  an  alternation  of  a  sexual  with  an 
asexual  form. 

A  typical  instance  of  each  alternation  of  generations  is  afforded  by  the  life- 
history  of  a  Moss.  Tbe  sexual  generation  (gametophyte)  is  the  moss-plant 
bearing  the  seznal  reproductive  organs,  male  (antherldium),  and  female 
(archegoniom),  of  wbich  tbe  former  produces  male  reproductive  cells  (spermato- 
zoids),  the  latter  a  single  female  cell  (oospbere).  As  tbe  result  of  tbe  fusion  of 
the  male  cell  witb  tbe  female  cell  (sexual  process),  a  cell,  tbe  oospore,  is  produced 
which  is  tbe  origin  of  tbe  asexual  generation  (sporophyte)  known  as  tbe  moss- 
sporogoninm.  The  sporogonium  produces  spores  asexually,  whiob,  on  germina- 
tion, each  give  rise  to  a  (at  least  one)  moss  plant  (gametophyte).  Tbe  game- 
tophyte is  thus  always  developed  from  a  spore  produced  asexnally  ;  tbe  sporo- 
phyte, from  a  spore  produced  sexually. 

This  kind  of  life-history  obtains  in  the  majority  of  plants,  but  it  may  be  com- 
plicated in  various  ways.  Thus,  tbe  sexual  generation  may  be  represented  by 
two  distinct  forms,  tbe  one  male  (andropbyte),  tbe  other  female  (gynopbyte). 
Again,  in  some  of  tbe  lower  plants,  tbe  gametopbyte  also  gives  rise  asexually 
to  spore-like  reproductive  cells  (gonidia),  wbich  do  not,  however,  enter  into  the 
alternation  of  generations,  for  they  give  rise,  not  to  sporophytes,  but  to  repeti- 
tions of  the  gametophyte.  The  sporophyte  also  may  similarly  repeat  itself, 
though  not  always  in  exactly  tbe  same  form.  Further,  it  occasionally  happens 
that  the  gametophyte  does  not  actually  produce  sexual  organs  or  cells  at  all, 
thoagh  it  is  essentially  capable  of  doing  so ;  and  successive  generations  of  such 
gametophytes  may  be  developed  by  means  of  gonidia,  until  at  length  one  arises 
which  is  actually  sexual.  Snob  non-sexual  gametophytes  are  designated  potfn- 
tial  gametophytea. 

Without  entering  into  detail,  the  general  morphological  rela- 
tions between  the  two  generations  may  be  briefly  considered.  In 
the  case  of  the  Moss,  the  morphological  differentiation  of  the 
sporophyte  is,  on  the  whole,  not  much  lower  than  that  of  the 
gametophyte.  In  the  approach  to  morphological  equality  be- 
tween the  two  generations,  the  Mosses  occupy  a  central  position 
in  the  vegetable  kiogdom.  For  in  all  plants  higher  in  the  scale 
than  Mosses,  the  morphological  differentiation  of  the  sporophyte 
is  far  higher  than  that  of  the  gametophyte ;  whilst  in  plants  lower 
than  the  Mosses,  the  gametophyt'C  is,  as  a  rule,  more  highly 
differentiated  than  the  sporophyte.  In  other  words,  whereas  in 
the  higher  plants,  the  sporophyte  is  the  form  to  which  the  name 
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has  been  given,  and  on  which  classification  is  based,  in  the  Mosses 
and  the  plants  below  them,  it  is  to  the  gametophyte  that  the  name 
has  been  attached,  and  it  is  upon  its  characters  mainly  that  the 
classification  of  these  plants  depends. 

At  this  point  the  question  naturally  arises  as  to  the  morphological 
relation,  if  any,  which  may  exist  between  the  members  of  a  game- 
tophyte and  those  of  a  sporophyte.  Since,  speaking  generally,  the 
morphological  differentiation  of  the  one  form  has  proceeded  along 
the  same  lines  as  that  of  the  other,  a  certain  correspondence  exists 
between  their  members.  For  instance,  a  foliage-leaf  of  a  Moss 
(gametophyte)  corresponds  to  that  of  a  Fern  (sporophyte) ;  for, 
in  the  forms  to  which  these  leaves  respectively  belong,  they 
stand  in  essentially  similar  relations,  both  of  development  and 
position,  to  the  other  members  of  the  body.  Bat  the  corres- 
pondence does  not  amount  to  relationship,  and  cannot  be  regarded 
as  constituting  homology  as  defined  above  (p.  1).  It  is,  however, 
permissible,  to  this  extent,  to  institute  comparisons  between  the 
various  members,  reproductive  organs,  etc.,  of  the  two  generations. 

The  consideration  of  the  polymorphism  of  plants  is  a  most 
important  preliminary  to  the  study  of  their  morphology,  inasmuch 
as  this  knowledge  facilitates  precision  of  statement,  and  prevents 
that  comparison  of  like  with  unlike  which  has  been  so  common 
in  this  department  of  Botany.  For  instance,  since  the  sporophyte 
and  the  gametophyte  of  one  and  the  same  plant  are  generally  very 
differeni  from  each  other,  it  conduces  to  clearness  if,  when 
reference  is  made  to  the  morphology  of  any  plant,  it  be  de- 
finitely stated  to  which  form  of  it  the  reference  applies.  And 
again,  it  is  impossible  to  institute  sound  morphological  comparisons 
between  the  members  of  different  plants  unless  it  is  clearly  under- 
stood to  which  form,  whether  sporophyte  or  gametophyte,  the 
members  to  be  compared  belong  in  each  case. 

The  most  fundamental  preliminary  consideration  is,  however, 
this — that  the  body  of  a  plant  consists  essentially  of  a  mass,  larger 
or  smaller,  of  living  substance  known  as  protoplasm.  The  body 
may  consist  simply  and  only  of  protoplasm,  without  any  investing 
membrane  to  give  it  a  determinate  form  {e,g,  Myxomycetes)  ;  or 
it  may  consist  of  protoplasm  enclosed  by  a  membrane  {e.g,  Phyco- 
mycetous  Fungi  and  Siphouaceous  Algoe)  ;  or  it  may  consist,  as 
is  generally  the  case,  of  a  mass  of  protoplasm  segmented  by  par- 
tition-walls into  structural  units  termed  celU,  In  all  these 
possible  cases,  however,  the  form  and  segmentation  of  the  body 
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is  determined  by  the  protoplasm  ;  for  the  cell-walls,  of  which,  in 
many  cases,  the  body  largely  consists,  and  which  give  to  it  its  form, 
are  developed  from  and  by  the  protoplasm.  Hence  the  study  of 
the  morphology  of  plants  is  the  stady  of  the  processes  and  results 
of  the  formative  activity  of  their  protoplasm  ;  and  these  are  to  be 
traced  both  in  the  variety  of  form  presented  by  different  plants, 
and  in  the  various  stages  in  the  development  of  any  one  individual 
plant. 


CHAPTER  I. 

GENERAL  MORPHOLOGY. 

§  1.  The  Segmentation  of  the  Body.  The  body  of  a  plant 
may  be  either  segmented  into  members^  or  uv segmented.  The 
members  of  a  segmented  body  may  either  be  all  similar^  or  they 
may  be  similar  and  dissimilar.  Segmentation  into  similar 
members  is  termed  branching. 

When  the  body  is  unsegmented,  or  segmented  only  into  similar 
members  (i.e.  branched),  it  is  termed  a  thallus.  A  plant  of  this 
constitution  is  termed  a  Thallophyte. 

The  primary  segmentation  of  the  body  into  dissimilar  members 
consists  in  the  differentiation  of  shoot  and  root,  A  plant  of  this 
constitution  is  termed  a  Cormophyte. 

The  Boot  is  usually  segmented,  but  only  into  similar  members : 
it  occasionally  gives  rise  to  (adventitious)  shoots. 

The  Shoot  may  be  either  unsegmented,  or  segmented  into 
similar  or  dissimilar  members.  A  shoot  which  is  either  unseg- 
mented, or  segmented  only  into  similar  members,  is  termed  a 
thaXloid  shjot,  A  shoot  which  is  segmented  into  dissimilar 
members  presents  an  axial  member,  the  stem,  bearing  dissimilar 
lateral  members,  the  leaves ;  stem  and  leaf  may  be  further  seg- 
mented into  similar  members,  that  is,  be  branched ;  such  a  shoot 
is  termed  a  leafy  shoot. 

Though  the  ideas  of  shoot  and  root  are  correlative,  the  one  involving  the 
other,  yet  there  are  eases  in  which  the  hody  consists  of  shoot  only,  the  root 
being  suppressed;  as  in  the  gametophyte  of  Mosses ;  in  the  sporophyte  of  Salviuia 
and  Psilotom  among  Vascular  Cryptogams;  and  in  Utricnlaria,  Epipogum,and 
Cknrallorhiza  among  Phanerogams.  In  many  plants  no  root  is  developed  until 
after  the  stem  and  leaves  have  begun  to  appear.  The  shoot,  in  these  cases,  is 
recognized  as  such,  and  is  distinguished  from  a  thallus,  by  being  differentiated 
into  stem  and  leaves. 


Digitized  by 


Google 


6  PART   1. — THE   MOKPHOLOGY   OF   PLANTS.  [§  1. 

Three  main  types  of  morphological  constitafcion  may  be  dis- 
tinguished:— 

1.  The  body  is  a  thallus. 

2.  The  body  consists  of  root  and  thalloid  shoot  (two  dissimilar 
members). 

3.  The  body  consists  of  root  and  leafy  shoot  (three  dissimilar 
members). 

These  members  frequently  bear  others  of  secondary  morpho- 
logical importance,  such  as  hairs,  prickles,  and  reproductive 
organs. 

In  highly  organised  plants  the  members  can,  as  a  rule,  be 
readily  distinguished  from  each  other ;  but  in  some  cases  there 
is  difficulty  in  distinguishing  between  leaves  and  branches  of  the 
stem,  between  leaves  and  hairs  or  prickles,  between  roots  and 
branches  of  the  stem,  etc.  This  difficulty  is  especially  great  in  the 
study  of  less  highly  organised  forms  (e.g.  gametophytes  of  Algae, 
Bryophyta,  and  Pteridophyta),  in  which,  whilst  there  is  a  certain 
degree  of  morphological  differentiation,  it  is  insufficient  to 
obviously  indicate  the  morphological  nature  of  the  members.  In 
such  doubtful  cases  an  investigation  of  the  development,  relations, 
and  structure  of  the  member  in  question  is  the  only  method  of 
arriving  at  a  conclusion  as  to  its  morphological  nature.  For  the 
principal  members  of  the  plant,  stem,  leaf,  root,  occupy  certain 
definite  relative  positions  and  present  a  general  co-ordination  of 
structure,  and  are  thus  distinguishable  from  appendages  such  as 
hairs,  etc.  Moreover,  their  relative  positions  serve  to  distinguish 
them  from  each  other;  and  though  co-ordinate  in  structure,  that 
is,  presenting  a  corresponding  degree  of  complexity  of  internal 
structure,  yet  they  generally  present  distinguishing  peculiarities 
in  the  details. 

The  morphological  characteristics  of  the  principal  members  are 
briefly  these : — 

The  shoot  bears  the  true  (spore-producing)  reproductive  organs. 
It  is  frequently  differentiated  into  stem  and  leaf. 

The  stem  is  the  axial  member  of  the  shoot,  and  bears  the  leaves. 

The  leaf  is  the  lateral  member  of  the  shoot ;  it  is  borne  upon 
the  stem^  but  usually  differs  from  it  in  form  and  details  of 
structure,  though  stem  and  leaf  are  co-ordinate  in  structure. 

The  ideas  of  stem  and  leaf  are  correlative,  the  one  involving  the  other; 
neTertbeIess«  in  some  cases  (e,g,  BascuSf  Cacti,  etc.)  in  which  leaves  are,  appar- 
ently, not  present,  the  axis  is  still  termed  a  stem,  because  the  shoot  of  such 
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plants  is  differeDtiated  into  stem  and  leaf  at  some  stage  of  development,  tbongh 
not  in  the  adult  stage ;  in  many  such  plants,  members  which  accord  with  the 
preceding  definition  of  the  leaf  are  present,  though  they  do  not  present  the 
appearance  characteristic  of  foliage-leaves. 

The  root  never  boars  true  (spore-producing)  reproductive  organs. 
Like  the  stem,  it  is  an  axis,  and  it  is  co-ordinate  with  the  stem 
in  structure,  but  it  does  not  bear  leaves,  and  its  structure  presents 
certain  characteristic  peculiarities. 

It  occasionally  happens  that  one  member  may  directly  assume 
the  characters  of  another.  Thus,  stems  sometimes  assume  the 
form  of  foliage-leaves ;  and  roots  have  been  observed  to  hear 
leaves,  becoming,  in  fact,  leafy  shoots,  in  Anthurium  longifolium 
and  NeoUia  Nidus- Avis, 

§  2.  Symmetry  of  the  Body  and  of  the  Members. 
Whatever  the  form  of  the  body  or  of  a  member,  it  has  three  axes 
at  right  angles  to  each  other.  When  these  are  all  three  equal, 
the  body  is  a  sphere  (Hssmatococcns,  Volvox,  etc.) ;  when  two  are 
equal,  and  both  longer  than  the  third,  the  body  or  the  member  is 
a  flattened  circular  expansion  (e.^.,  Pediastrum,  Coleochcete  scutata) ; 
when  one  is  longer  than  either  of  the  others,  the  body  or  the 
member  is  cylindrical  or  prismatic  when  the  two  shorter  axes  are 
equal,  and  flattened  when  one  of  the  shorter  axes  is  longer  than 
the  other. 

In  most  cases  two  opposite  ends  are  distinguishable  in  the  body 
or  member,  a  base  and  an  apex.  The  base  is  in  all  cases  the  end 
by  which  the  body  is  attached  to  the  substratum,  and  the 
members  to  each  other,  the  free  end  being  the  apex.  The  axis 
joining  the  base  and  the  apex  is  distinguished,  whether  or  not  it  be 
longer  than  the  other  axes,  as  the  organic  longitudinal  axis.  When 
the  body  has  no  distinction  of  base  and  apex,  there  is  no  organic 
longitudinal  axis ;  but  in  cases  of  this  kind  (e.g.  the  filaments  of 
Spirogyra)  the  longest  axis  is  taken  as  the  longitudinal  axis. 

Any  section,  real  or  imaginary,  made  parallel  to  the  longi- 
tudinal axis,  is  a  longitudinal  section;  it  is  a  radial  longitudinal 
section  if  it  includes  the  longitudinal  axis ;  it  is  a  tangential  longi- 
tudinal section  if  it  does  not  include  it.  A  section  made  at  right 
angles  to  the  longitudinal  axis  is  a  transverse  section ;  the  section 
of  the  longitudinal  axis  is  the  organic  centre  of  the  transverse 
section,  and  it  commonly  is  also  the  geometrical  centre  of  the 
transverse  section,  but  occasionally  the  organic  and  the  geometrical 
centres  do  not  coincide.    Thus,  in  transverse  sections  of  tree- trunks, 
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the  annual  rings  are  comparatively  rarely  arranged  symmetrically 
around  the  geometrical  centre.  The  longitudinal  axis,  then,  is  a 
line  passing  through  the  organic  centres  of  the  successive  trans- 
verse sections. 

Two  kinds  of  symmetry  may  be  distinguished  ;  the  multilateral^ 
including  the  radial;  and  the  bilateral^  including  the  isohilateral 
and  the  zygomorphic.  The  determination  of  the  nature  of  .  the 
symmetry  of  a  body  or  member  depends  upon  (a)  its  external 
form,  (6)  the  arrangement  and  form  of  the  members  which  it  may 
bear,  (c)  its  internal  structure. 

1.  Multilateral  and  Badial   Symmetry,      Absolute  multilateral 
^  symmetry  is  only  pre- 

^  sented  by  a  body  or 

member  which  is 
spherical  and  has  no 
distinction  between 
base  and  apex.  For 
example,  the  body  of 
Vol  vox  can  be  divided 
into  symmetrical 
halves  in  any  plane 
passing  through  the 
centre  (Fig.  1.). 

The  more  limited 
form  of  multilateral 
symmetry,  which  may 
be  conveniently  dis- 
tinguished  as  radial, 

Fio.  l.-Fol»o.<nolK»tor  (after  Cohn ,  x about  100),  j^  ^^^^  ^^j^^^  obtains 

illoflirating  maltilateral  symmetry. 

in    cylindrical   bodies 

or  members.      It  is  multilateral  symmetry  about  the  longitudinal 

cutis.     In  this  case  the  body  or  member  can  be  divided  in  varioas 

planes  along  the   longitudinal   axis    into   a  number  of    similar 

halves. 

A  mushroom  with  a  central  stalk,  an  apple,  a  cylindrical  tree- 
trunk,  are  radially  symmetrical  as  regards  their  external  form. 

As  regards  the  position  of  the  lateral  members,  the  trunks  of 
Firs  and  Spruces,  with  branches  arising  on  all  sides,  are  I'adially 
symmetrical ;  and,  as  regards  the  form  of  the  lateral  members, 
the  flowers  of  the  Rose  and  of  the  Tulip  are  radial  (see  page  607, 
Symmetry  of  the  Flower), 
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The  transverse  section  nsnallj  shows  complete  radial  syraraetrj 
of  structure,  at  least  when  the  member  is  yoang ;  it  may  become 
somewhat  asymmetrical  when  older,  as  in  the  case  of  the  tree- 
trnnks  mentioned  above. 

A  radial  body  or  member  can  be  divided  by  radial  longitadinal 
sections  in  two  or  more  planes,  into  symmetrical  halves,  which  are 
to  each  other  as  an  object  and  its  image  reflected  in  a  mirror 
(in  Fig.  2,  A,  the  halves  obtained  by  the  sections  1-1,  2-2,  3-3, 
4-4,  5-6).  The  possible  number  of  such  similar  halves  is  not 
always  the  same,  but  it  is  in  any  case  at  least  four.  In  a  mush- 
room or  a  fir-stem,  there  are  many  possible  planes  of  symmetrical 
section;  but  in  a  Tulip,  the  sections  being  taken  through  the 
longitudinal  axis  of  the  floral  leaves,  only  three  are  possible ;  and 


Fio.  2.— Diagrammatie  trsntrerse  sections  of  A,  an  apple ;  S,  a  \mlnat ;  C,  a  peach ;  1-1, 
6-5,  are  the  planes  of  symmetry.  A^  with  five  planes  of  symmetry,  U  radially  symmetrical ; 
Jr,  carpeL  £,  with  two  planes  of  symmetry,  Is  isobilateral ;  /,  the  sutare;  $,  the  reed. 
0,  with  a  single  plane  of  symmetry,  is  dorsiventral ;  B,  dorsal  sorface ;  B,  ventral  sarface ; 
r,  right,  and  I,  left  flanks ;  le,  stone. 

in  an  apple,  if  they  pass  through  the  loculi  of  the  core,  only  five 
(Fig.  2  A). 

The  two  haWes  are  not  always  as  exactly  alike  as  an  object  and  its  reflected 
image ;  this  is  not  the  case,  for  instance,  in  a  fir-trunk,  because  the  lateral 
branches  are  not  borne  at  the  same  level.  The  two  halves  are,  however,  essen- 
tially similar.  When,  however,  a  body  is  divisible  in  at  least  two  planes  into 
precisely  similar  halves,  it  is  said  to  be  polytymmetncal, 

2.  Bilateral  Symmetry,  A  body  or  member  is  said  to  be  bilate- 
rally symmetrical  when  it  presents  an  anterior,  a  posterior,  and 
two  lateral  surfaces;  the  lateral  surfaces,  or  flanks,  being  different 
from  the  anterior  and  posterior.  Such  a  body  or  member  is 
divisible  into  two  symmetrical  halves,  either  in  two  planes,  or  in 
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one  plane  only ;  when  it  is  so  divisible  in  two  planes,  the  halves 
resulting  from  the  section  in  one  plane,  are  different  from  the 
halves  resulting  from  section  in  the  other. 

Bilateral  members  are  distinguished  as  isohilateral  or  as  zygo- 
rtiorphic  (or  monosjmmetrical),  accordingly  as  they  are  symmetri- 
cally divisible  in  two  planes  or  in  one  plane. 

a.  Isobilateral  Symmetry,  Isobilateral  symmetry  is  usually  mani- 
fested in  the  external  form.  Thus,  a  walnut  is  at  once  seen  to  be 
divisible  into  two  symmetrical  halves  by  section,  either  through 
the  suture,  or  at  right  angles  to  this  plane  (Fig.  2,  B)  ;  so  also  a 
flattened  erect  leaf  like  that  of  the  Iris. 

It  may  be  manifested  by  the  position  of  the  lateral  members ;  for 
instance,  in  many  shoots  {e.g.  the  Elm)  the  leaves  are  borne  in  two 
rows,  right  and  left,  one  row  on  each  flank. 

It  may  be  manifested  also  in  the  internal  structure.  Thus,  a 
transverse  section  of  a  walnut  (Fig.  2  jB)  shows  that  internal,  as 
well  as  external,  isobilateral  symmetry  exists.  But  this  does  not 
obtain  in  all  cases ;  the  internal  structure  of  isobilateral  leaves  is 
often  not  strictly  isobilaterally  symmetrical. 

6.  Zygomorphie  Symmetry.  A  zygomorphio  or  monosymmetri- 
cal  body  or  member  is  divisible  into  two  similar  halves  in  one 
plane  only.  Of  this  there  are  two  principal  cases : — first,  that  in 
which  the  anterior  and  posterior  halves  are  similar,  whilst  the 
right  and  left  halves  are  dissimilar,  in  other  words,  when  the 
plane  of  symmetry  is  lateral ;  the  body  or  member  is  then  laterally 
zygomorphie  (e.g.  flower  of  Corydalis)  :  secondly,  that  in  which 
the  anterior  and  posterior  halves  are  dissimilar  whilst  the  right 
and  left  halves  are  similar,  in  other  words,  when  the  plane  of 
symmetry  is  antero-posterior ;  the  body  or  member  is  then  said 
to  be  dorsiventrally  zygomorphie,  or,  briefly  dorsiventral.  Less  fre- 
quently, as  in  some  flowers  (see  page  508,  Symmetry  of  the  Flower) j 
the  plane  of  symmetry  is  neither  lateral  nor  antero-posterior,  but 
intermediate  between  the  two,  the  zygomorphy  being  oblique. 

Of  these  possible  forms  of  zygomorphie  symmetry  the  dorsi- 
ventral is  the  most  common.  The  term  is  derived  from  the  use  of 
the  terms  dorsal  and  ventral  to  indicate,  respectively,  the  dissimilar 
antenor  and  posterior  halves  of  the  body. 

The  application  of  the  terms  dorsal  and  ventral  to  the  two  dissimilar  halves 
of  the  body  or  a  member  requires  some  explanation.  Generally  speaking  the 
under  sarfaoe  of  a  dorsiventi  al  body  is  the  ventral,  the  upper  the  dorsal.  In 
the  case  of  leaves,  however,  the  terms  dorsal  and  ventral  are  used  with  reference 
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to  the  parent  stem :  the  upper  or  inner  surface  is  here  the  ventral,  the  outtr 
or  lower,  the  dorsaL 

The  difference  between  the  dorsal  and  ventral  halves  may  be 
exhibited  in  their  external  form.  Thus,  the  dorsal  and  ventral 
halves  of  many  fruits  (Peach,  Fig.  2  (7 ;  or  a  pea- pod)  may  be 
distinguished  at  once  by  their  form.  Or  the  difference  may  be 
in  the  nature  of  the  members  which  they  bear  (Fig.  3)  ;  thus, 
creeping  dorsiventitil  shoots  commonly  bear  (adventitious)  roots  or 
root- hairs  on  their  ventral,  and  branches  or  leaves  on  their  dorsal 
surface ;  or  the  one  surface  may  bear  lateral  members,  and  the 
other  none.  Or,  finally,  the  difference  may  exist  in  their  internal 
structure;  thus,  in  dorsiventral  foliage-leaves,  the  internal  structure 
of  the  dorsal  half  is  different  from  that  of  the  ventral  half. 

It  must  not  be  overlooked 
that  the  teims  radial,  isobi- 
lateral,  and  dorsiventral,  may 
be  all  applicable  to  one  and 
the  same  body  or  member, 
according  to  the  particular 
feature  which  is  taken  into 
consideration.  For  example, 
a  branch  of  the  Silver  Fir  is, 
in  its  general  appearance, 
doraiventral ;  a  dorsal  and  a 
ventral  half  are  readily  dis- 
tinguishable. But,  since  the 
leaves  are  arranged  sym- 
metrically around  it,  it  is  in 
this  respect  radial.  Again, 
since    the    lateral    branches 

arise  right  and  left  upon  its 

H      ,         •*    •      •       4V,*                    *  Pio.  8.— Polyaiphonia  (Herpoaiphonift)  (after 

Hanks,    It  IS  m    this    respect  Naegeli).     To  illwtrata  dorsiveniraUty.    The 

isobilateral.      Hence  it  is  im-  horisontal  Btem  bears  the  leaves    {J)  on  the 

X      X  X     J  *  i.  *         •  I.     1        1  dorsal  surface ;  the  rootOiairs  (r)  on  the  ventral 

portant  to  distinguish  clearly      ^^^^,  ^^  ,;^  ^^^^^  ^^  ^^^  ^^  ,^^  ^^^^^ 

between  the  symmetry  of  any 

part  of  the  body  cu  a  whole,  and  that  of  its  constituent  members. 

Thus   in    many  isobilateral   and    dorsiventral   shoots,   the   stem, 

regarded  hy  itself ,  is  radially  symmetrical ;  the  isobi laterality  or 

dorsiventfality  of  the  shoot  being,  in  these  cases,  indicated  only  by 

the  mode  of  arrangement  of  the  leaves  upon  the  stem. 

The  symmetry  of  a  body  or  of  a  member  may  change  in  the 
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course  of  its  development.  For  instance,  the  originally  radial 
lateral  shoots  of  many  trees  and  shrubs  eventually  become  isobi- 
lateral  in  consequence  of  twisting  or  torsion,  by  which  the  leaves 
come  to  lie  in  two  rows,  one  on  each  flank  of  the  branch  (e.g.  Elm, 
Hornbeam).  Again,  originally  radial  lateral  shoots  may  become 
dorsiventral.  Thus,  in  many  Coniferee,  the  lateral  shoots  become 
dorsiventral,  as  is  shown  by  the  position  and  the  size  of  the  leaves. 
The  leaves  twist  so  that  their  ventral  surfaces  are  directed  up- 
wards, and  the  leaves  on  the  upper  are  considerably  shorter  than 
those  borne  on  the  under  surface  of  the  branch.  The  same  thing 
occurs  in  many  flowers  (e.g.  Epilobium)  ;  they  are  at  first  radial, 
but  they  become  dorsiventral.  Similarly,  an  isobilateral  member 
may  become  dorsiventral.  The  most  familar  instance  of  this  is 
the  development  of  the  dorsiventral  shoot  of  Marchantia  from  the 
isobilateral    gemma;     again,   many   doi*siventral    leaves    become 


Fio.  4  — Isobil&teral  gemma  of  Marchantia  in  tranverse  section;  a.  celle  capable  of 
developing  into  root-hairs ;  «,  growing-point  of  one  side  ;  d,  the  margin  of  Uie  gemma 
projecting  on  the  farther  side  of  the  depression  in  which  the  growing-point  is  situated 
(after  Pfeffer). 

isobilateral  under  certain  conditions  of  exposure  to  light.  Further, 
creeping  shoots  (e.g.  Acorus  and  Bntomus)  may,  in  consequence 
of  torsion,  bear  all  their  leaves  on  the  upper  (dorsal)  surface, 
whilst  the  ventral  surface  bears  roots.  Again,  an  isobilateral 
member  may  become  radial ;  a  stem  which  bears  leaves  originally 
in  two  rows,  and  is  therefore  isobilateral,  may  subsequently  bear 
leaves  in  many  rows,  thereby  manifesting  its  radial  symmetry. 
Finally,  a  dorsiventral  member  may  become  radial.  For  instance, 
the  fertile  branches  of  the  dorsiventral  March  an  tia- thai  1  us  are 
radial ;  again,  the  branches  of  Phijllocladus  trichomanouleSy  are 
under  ordinary  circumstances  dorsiventral,  but  if  they  are  espe- 
cially vigorous  they  may  become  radial. 

The  causes  which  determine  the  symmetry  of  the  body  or  of  a 
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member  are  mainlj  inherent ;  but  it  has  been  ascertained  in  many 
cas^  that  external  conditions  have  a  preponderating  inilnence,  as 
ifl  well  shown  in  the  preceding  instances  of  a  change  of  symmetry 
dne  to  the  intensity  and  direction  of  the  incident  rays  of  light,  or 
(as  in  certain  dorsl ventral  flowers)  to  the  action  of  gravity. 

When  a  body  or  a  member  cannot  be  symmetrically  divided  into 
two  similar  halves  inany  plane  whatever,  it  is  said  to  be  asymmetric* 
The  asymmetry  in  these  cases  is  frequently  associated  with  dorsi- 
ventral ity ;  as  in  some  Mushrooms  (e,g,  Lenzites  abietina)  ;  in 
some  foliage-leaves  which  are  oblique^ 
that  is,  the  right  and  left  halves  of 
which  are  not  symmetrical  (e.g.  Elm, 
some  Begonias)  ;  and  in  some  flowers 
(e,g,  Aconitum,  Delphinium). 

§  3.  The  Development  of  the 
Body  and  of  the  Members,  It 
is  explained  in  a  subsequent  para- 
graph dealing  with  Reproduction, 
that  new  organisms  are  developed 
either  from  what  are  termed  vegetative 
reproductive  organs,  or  from  specialized 
reproductive  cells  termed  spores:  the 
latter  case  only  is  now  considered. 

There  are  certain  important  varia- 
tions in  the  mode  of  development  of 
the  body  from  the  spore.  As  a  rule, 
the  whole  spore  takes  part  in  the  de- 
velopment of  the  body ;  whereas  in  a 
few  plants  (CharaceaB,  Gymnosperms 
generally)  only  a  portion  of  the  spore 
is  actively  concerned  in  the  process. 
In  the  former  case  the  embryogeny  is 
said  to  be  holoblastic;  in  the  latter 
merohlaslic. 

Again,  the  spore  gives  rise,  as  a 
rule,  to  an  embryo  which  presents  a 
general  similarity  to  the  adult  form  into  which  it  gradually  and 
directly  developes :  such  an  embryogeny  is  direct  or  homoblastic. 
But  in  certain  cases  the  embryo  prod  need  by  the  spore  differs 
more  or  less  widely  from  the  adult  form,  and  does  not  directly  de- 
velope  into  it,  but  bears  it  as  a  lateral  outgrowth;  this  mode  of 


f^ra" 


Fio.6.  CHara/roya<«  (after  Pringg. 
heim,  x4).  Heteroblastio  embryo- 
gen  J  t  apt  apical  portion  of  ehoot  of 
the  embryo;  r,  primary  root  of  em- 
bryo, springing  from  the  oospore; 
m*,  secondary  roots ;  Z,  leaves  amongst 
which  lies  the  growing^point  of  the 
adult  shoot. 
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embryogeny  is  indirect  or  heterohlastic.  In  illustration  of  hetero- 
blastic  embrjogeny  may  be  mentioned  the  Characeae,  where  the 
oospore  gives  rise  to  an  embryo  (sometimes  termed  proembryo)  of 
limited  development,  npon  which  the  adult  sexual  form  arises  as  a 
lateral  branch  (Fig.  5)  ;  the  Mosses,  where  the  spore  gives  rise  to 
a  filamentous  embryo  (the  protoneraa),  upon  which  the  adult 
Moss-plants  arise  as  lateral  branches:  similarly,  Lemanea  and 
Batrachospermum  among  the  Red  Seaweeds,  where  the  spore  gives 
rise  to  a  filamentous  embiyonic  form  (Chantransia-form)  which 
bears  the  adult  form  as  lateral  branches.  Traces,  more  or  less 
distinct,  of  this  mode  of  embryogeny  are  also  to  be  found  in  the 
development  of  the  prothallium  of  some  Ferns,  which,  in  its  early 
stages  at  least,  is  filamentous  and  protoneuial  (see  further  under 
Filicinifi). 

Whilst  the  foregoing  striking  instances  of  heteroblastic  embryo- 
geny all  refer  to  the  gametophyte  or  sexual  generation,  indications 
of  a  similar  embryogeny  are  not  wanting  in  the  case  of  the  sporo- 
phyte.  Among  the  lower  plants  something  of  the  kind  is  offered 
by  Cutleria  ( PheBophycesB)  where,  from  the  zygospore,  a  club- 
shaped  body  is  developed,  from  which  spring  the  flat  horizontal 
branches  constituting  the  sporophyte.  But  a  more  important  in-, 
stance  is  that  of  certain  of  the  higher  Pteridophyta  (Selaginella 
and  Lycopodium)  and  of  the  Phanerogams  generally,  where  the 
oospore  gives  rise,  on  germination,  in  the  first  instance,  to  a  more 
or  less  elopgated  filamentous  body  termed  the  suspensory  at  the  ex- 
tremity of  which  the  embryo  is  eventually  developed. 

From  these  forms  the  transition  is  easy  to  those  in  which  the 
embryo,  whilst  developing  directly  and  continuously  into  the  adult 
form,  possesses  organs  which  are  limited  in  their  duration  to  the 
embryonic  stage :  such  are  the  foot  of  Bryophyta  and  of  most 
Pteridophyta ;  the  pegs  or  feeders  of  the  seedlings  of  Welwitschia, 
Gnetum,  Cucuinis,  etc. ;  and  the  primary  leaves  (cotyledons), 
though  in  some  forms  they  persist  for  a  considerable  time. 

Without  entering  at  present  into  the  details  of  embryogeny,  it 
may  be  pointed  out  that  there  are  three  principal  modes  in  which 
the  development  of  the  embryo  from  the  spore  may  take  place. 
There  is,  first,  that  in  which  the  spore  grows  out  into  a  filament, 
septate  or  unseptat-e,  as  generally  in  the  Fungi,  the  filamentous 
Algae,  the  gametophyte  of  the  Mosses  and  Ferns,  the  male  game- 
tophyte (pollen- tube)  of  Phanerogams,  the  sporophyte  of  most 
Phanerogams  (suspensor) ;  secondly,  that  in  which  the  spore  grows 
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at  first  in  all  dimeDsioss  and  undergoes  repeated  division  in  two 
or  three  perpendicular  meridian  planes,  thus  giving  rise  to  a  body 
which  is  either  a  flattened  expansion  (e.g,  species  of  Coleochsete)  ; 
or  a  mass  of  cells  {e,g,  Volvox,  Fucus;  sporophjte  of  Mosses  and 
Vascular  Cryptogams)  ;  thirdly,  that  in  which  free  cell-formation 
takes  place  within  the  spore,  the  cells  eventually  forming  the 
body  of  the  embryo  (e,g.  Hydrodictyon ;  female  gamctophy  te  of 
Phanerogams ;  sporophyte  of  Cycadaceee  and  of  Ginkgo). 

a.  The  Development  of  the  Primary  Members.  With  regard  to 
thallophytic  plants,  it  suffices  to  state  that  the  primary  member  of 
the  thallns  takes  origin  from  the  spore  in  one  or  other  of  the  pre- 
ceding modes. 

In  the  case  of  cormophytic  plants,  the  first  step  is  the  differentia- 
tion of  the  body  of  the  embryo  into  primary  shoot  and  the  primary 
root. 

In  nnseptate  plants,  such  as  the  SiphonacesB  (Algae),  the  process 
of  segmentation  into  primary  shoot  and  root  is  simple  ;  the  spore 
merely  grows  out  into  the  shoot  at  one  end,  and  into  the  root  at 
the  opposite  end.  In  septate  plants  the  segmentation  is  in  many 
cases  clearly  indicated  (as  in  Facus,  sporophyte  of  most  Vascalar 
Cryptogams,  etc.),  by  the  formation  of  a  wall,  termed  the  hasal 
waU,  which  divides  the  spore  into  two  cells.  From  one  of  these, 
termed  the  epibasal  cell,  the  shoot  is  developed  ;  from  the  other, 
termed  the  hypobasal  cell,  the  root  is  developed. 

Whatever  the  mode  in  which  the  differentiation  of  the  primary 
shoot  and  of  the  pi'imary  root  takes  place,  the  relation  between 
them  is  in  all  cases  such  that  their  longitudinal  axes  form  one  straight 
linej  with  the  growing-point  of  the  shoot  at  one  end,  and  that  of 
the  root  at  the  other. 

The  segmentation  of  the  body  of  the  embryo  into  root  and  shoot  is  usually 
permanent,  but  in  many  plants  which  do  not  grow  attached  (e.g.  Spirogyra, 
[Fig.  6] ,  and  other  Zygnemece)  it  is  only  to  be  observed  iu  the  early  stages  of 
development. 

In  some  cormophytic  plants  no  primary  root  is  developed,  f.,g.  gametopliyte 
of  Mosses ;  sporophyte  of  Sfdvinia  and  Psilotum,  among  Vascular  Cryptogams ; 
Woijia  arrhizut  Utrlcularia,  and  Orohidd,  among  Phanerogams. 

In  those  cormophytes  in  which  the  shoot  is  differentiated  into 
stem  and  leaf,  the  diffei*entiation  takes  place  at  an  early  stage  of 
development.  The  primary  shoot  undergoes  differentiation  into  a 
primary  stem,  and  one,  two,  or  more,  primary  leaves.      A  primary 
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leaf  which  is  thus  contemporary  in  origin  with  the  primary  stem 
is  termed  a  cotyledon.  The  cotyledons,  as  embryonic  members, 
differ  more  or  less  widely  in  form  from  the  ordinary  foliage-leaves 
of  the  adult  plant. 

b.  Growth.  The  development  of  the  embryo  into  the  adult  or- 
ganism is  effected  by  the  further  growth  of  the  primary  members, 
and  by  the  development  of  secondary  members. 

When  the  adult  form  is  small  and  lowly  organised,  the  process 
of  growth  may  consist  merely  in  a  slight  increase  in  size  of  the 
cell  or  cells  constituting  the  embryo.  But  where  the  adult  forna 
is  relatively  large,  the  process  of  growth  involves  also  a  consider- 
able increase  in  the  mass  of  the  protoplasm  of  the  embryo.  Thus, 
in  the  development  of  a  tree  such  as  an  Oak,  not  only  is  there  an 


Fio.  6.— Yoang  plant  of  Spirogyra,  showing   temporary  differentiation  into  root  and 
Bhoot ;  the  root-end  ia  still  in  the  sygospore  (after  Pringsheim,  x  125). 

increase  in  size  of  the  cells  of  the  embryo,  but  there  is  also  a 
formation  of  additional  protoplasm  and  therefore  also  a  formation 
of  additional  cells.  The  formation  of  new  protoplasm  takes  place 
at  first  throughout  the  body  of  the  embryo,  that  is,  inter siitially, 
the  whole  protoplasm  being  in  the  embryonic  condition ;  but 
gradually  more  or  less  of  the  protoplasm  passes  over  into  the 
adult  condition,  and  in  those  parts  no  further  formation  of  addi. 
tional  protoplasm  or  cells  takes  place.  In  some  cases  (e.g.  Volvox) 
the  whole  protoplasm  passes  over  simultaneously  into  the  adult 
condition  ;  but  more  commonly  certain  portions  of  the  protoplasm 
remain  embryonic  for  a  longer  or  shorter  time.  These  persistent 
embryonic  regions  are  termed  growing -points.     At  first  they  are 
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near  together,  but  as  growth  proceeds  they  become  more  and 
mere  widely  separated  by  the  increase  in  the  adult  portion  of  the 
body.  In  a  few  cases  {e.g.  Spirogyra,  and  some  other  filamentous 
Alg«e)  all  the  cells  remain  embryonic,  the  gi'owth  in  length  of  the 
filament  being  effected  by  the  transverse  division  of  the  cells  and 
the  subsequent  elongation  of  the  new  cells  formed. 

The  primary  function  of  the  growing-point  is  to  increase  the 
size,  more  especially  the  length,  of  the  member  to  which  it  be- 
longs ;  but  where  the  body  is  segmented,  the  growing-points  are 
also  the  seat  of  development  of  the  secondary  members. 

The  embryonic  regions  of  the  body  are  termed  "  gro w in g-poinf«  " 
because  they  are  most  commonly  situated  at  the  apex  of  the  mem- 
bers. Thus,  in  a  cormophytic  embryo,  there  is  a  growing-point  at 
the  apex  of  the  primary  stem,  and  one  at  the  apex  of  the  primary 


ui.  B.  C. 

Ffo.  7. — Growin7-point8  showing  development  of  secondary  members.  A^  apical  grow- 
ing point,  with  apical  cell,  of  Stypoeaulon  tcopar»uin(xdO).  3^  intercalary  gio wing-point 
(where  the  transverse  lines  are  close  together)  of  Dwmjoxwivk  ItgHlata  in  longitudinal 
section  (x60).  C,  apical  growing-pointy  with  apical  cell,  of  GhaiovUfit  plumo«a  (x40), 
(after  Palkenberg). 

i*oot.  But  this  is  not  necessarily  the  case.  The  growing-point 
may  be  situated  between  the  base  and  the  apex,  as  in  some  Alga) 
(e.g.  Ectocarpus  and  Laminaria),  and  in  leaves  (e.g.  Grasses, 
Onion,  Iris,  etc.),  when  it  is  termed  an  intercalary  growing- point. 
In  some  cases  both  an  apical  and  one  or  more  intercalary  grow- 
ing-points co-exist,  as  in  the  stem  of  Hippuris,  Myriophyllum,  etc. 

One  of  the  most  remarkable  instances  of  an  intercalary  grow- 
ing-point is  that  occurring  in  connection  with  the  development 
of  hollow,  more  or  less  tubular  structures  (e.g.  inferior  ovaries, 
** calyx-tube  "  of  Hosaceae,  gamopetalous  corollas,  inflorescence  of 
the  Fig,  pitchered  leaves  of  Nepenthes,  Utricularia,  etc.).     Taking 
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the  case  of  a  hollow  floral  receptacle  (whether  inferior  ovary  or 
"  caljx-tube "),  when  the  apical  growth  of  the  axis  is  arrested,  a 
zone  of  embryonic  tissue  lying  close  behind  the  apex  gives  rise  to 
a  projecting  ring  of  tissue,  which,  by  continued  basal  growth,  be- 
comes a  tube  enveloping  the  apex  of  the  shoot.  (For  the  case  of  a 
gamopetalous  corolla,  see  Fig.  21,  p.  37). 

In  the  case  of  a  body  or  a  member  which  assumes  a  flattened 
expanded  form,  the  peripheral  growth  is  effected  by  the  marginal 
cells,  which  remain  embryonic  for  a  longer  or  a  shorter  time  ;  when 
the  body  or  member  has  no  definite  axis  of  growth  {e,g,  gametophyte 
of  ColeochoBte  scutata,  and  that  of  Anthoceros)  the  gi'owth  is  en- 
tirely marginal ;  but  where  there  are  special  axes  of  growth  {e.g. 
foliage-leaves,  some  fem-prothallia,  sexual  plant  of  Mai^chantiacece) 
growth  takes  place  both  mai^ginally  and  by  means  of  definite 
growing- points. 

The  occuiTence  of  apical,  intercalary,  or  marginal  growing- 
points  is  general ;  but  it  is  only  in  a  few  cases  that  there  is  in  a 
member  a  growing- point  which  effects  growth  in  thickness.  It 
is,*  in  fact,  the  general  rule  that,  when  a  member  has  attained  its 
definitive  size,  it  does  not  increase  in  thickness.  But  to  this^rnle 
there  are  certain  constant  exceptions.  Thus,  the  stems  and  roots 
bf  perennial  Dicotyledons  and  Gymnosperms,  as  well  as  those  of  a 
few  Monocotyledons  and  Pfceridophyta,  grow  thicker  year  by  year 
by  means  of  a  layer  of  embryonic  cells,  forming  a  hollow  cylinder, 
and  lying  at  some  little  distance  within  the  external  surface 
(see  Part  II.).  This  layer,  unlike  other  growing- points,  does  not, 
however,  give  rise  to  secondary  members. 

In  the  apical  growing-point  of  many  multicellular  plants,  as  in 
those  of  some  Algae  (e.g,  Sphacelaria,  Chara)  of  the  Bryophyta, 
and  of  most  Pteridophyta,  there  is  one  cell,  situated  in  the  organic 
centre  of  the  growing-point,  and  distinguished  from  the  other 
embryonic  cells  by  its  size  (Fig.  3  ^,  C).  This  is  the  apical  cell. 
In  some  cases  there  is  a  group  of  such  apical  cells  (e.g.  species 
of  Selaginella).  In  these  cases,  all  the  new  cells  formed  in  the 
growing-point  are  derived  from  the  apical  cell  or  cells,  from 
which,  as  they  grow,  segments  are  continually  being  cut  off  by 
cell-division. 

The  length  of  time  during  which  a  growing-point  remains  em- 
bryonic is  not  the  same  in  all  cases.  It  may  either  persist  through- 
out the  life  of  the  plant,  as  is  often  the  case  in  primary  shoots 
and  roots,  when  the  growth  of  the  member  is  said  to  be  unlimited; 


Digitized  by 


Google 


§3.] 


CHAPTER  I. — GENERAL    MORPHOLOGY. 


19 


or  it  may  sooner  or  later  pass  over  into  the  adult  condifcion,  when 
the  growth  of  the  member  is  said  to  be  limited.  Leaves  usually 
have  limited  growth ;  occasionally  roots  (e.^.  the  primary  roots  of 
Monocotyledons),  and  also  shoots  (e.g,  dwarf-shoots). 

c.  The  Develcypmeiit  of  the  Secondaiy  Members.  After  the  differ* 
entiation  of  the  primary  members  of  the  embryo,  all  other  membei'S 
are  developed  from  them  and  are  generally  termed  secondary. 

When  the  segmentation  of  the  body  is  complex,  various  orders  of  members 
may  be  distinguished.  Members  borne  directly  on  the  primary  members  are 
said  to  be  secondary  members  o(  the  first  order ;  those  borne  on  secondary 
members  of  the  first  order  are  said  to  be  of  the  second  order^  and  so  on. 

Two  kinds  of  secondary  members  may  be  distinguished:  the 
normal  and  the  adventitious.  The  distinction  depends  upon  (a) 
the  place  of  origin,  and  (b)  the  order  of  development  of  the  mem- 
bers. For  instance,  when  a  stem  or  a  leaf  bears  a  root,  that  root 
is  adventitious,  because  secondary  roots  are  typically  only  pro- 


A  B  c 

Fio.  a— Dichotomoo*  brancbinfif  of  Dictyota  dichotoma  (after  Naegeli).  A,  growing- 
point  with  apical  cell  before  division ;  B.  growing.point  with  divided  apical  cell;  C,  de- 
velopmeot  of  the  dlchotomooa  branches. 

dnced  by  primary  root«  ;  again,  when  a  member  is  developed  out 
of  its  proper  order,  that  member  is  adventitious. 

Secondary  members  may  or  may  not  be  developed  from  the 
gi'owing-point  of  the  parent  member. 

The  normal  secondary  members  are  developed  from  the  growing- 
point  of  the  parent  member. 

The  growing-point  may  produce  secondary  members  either  by 
dividing  into  two  (dichotomy)  or  by  lateral  outgrowth. 

The  result  of  dichotomy  is,  in  all  cases,  to  give  rise  to  new  mem- 
bers, which  are  similar  to  the  parent  member  and  to  each  other. 
In  no  case  are  morphologically  dissimilar  members  produced  by 
dichotomy.    Dichotomy  is  therefore  a  form  of  branching  (see  p.  5). 

The  product  of  lateral  development  may  be  either  a  similar  or  a 
dissimilar  member;  if  the  former,  it  is  a  case  of  lateral  branching. 

The  normal  secondary  lateral  members  of  the  shoot  (i.e.,  leaves  and 
branches)  make  their  appearance,  in  most  casGS,  as  outgrowths 
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from  the  growing-point  of  the  parent  member,  whether  the 
growing-point  be  apical  or  intercalary  (as  in  Ecfcocarpas  and 
other  PhsBosporesB  (Fig.  7)  ;  in  other  words,  they  are  developed 
exogenously.  This  is  always  trae  of  leaves,  but  there  are  cases  in 
which  normal  branches  are  developed  from  internal  cells  of  the 
growing-point,  and  have  therefore  to  penetrate  the  external  layers 
of  tissue  before  reaching  the  surface  {e.g.  Polyzonia,  Amansia, 
Vidalia,  Rhytiphloea  among  the  Red  Seaweeds). 

When,  as  is  commonly  the  case,  the  leaves  are  formed  in  ]*apid 

succession  at  the  growing- 
point  of  a  developing  leafy 
shoot,  it  makes  its  appear- 
ance  in  the  first  instance  as 
a  hud,  consisting  of  a  short 
axis  bearing  a  number  of 
I  young  and  still  small  leaves 

\  closely  packed  together.    In 

\  consequence    of    the    more 

^  ///   active  growth  at  this  stage 

i  ]    of  the  under  (dorsal)  sides 

\ll     of    the    leaves,    they   bend 
[       over    the    apical    growing- 
point  of  the  shoot,  and  over- 
lap each  other.     Commonly 
some  of  the  external  leaves, 
or    portions    of    them,   are 
Fio.  e.-Diajmunmatic  longitudinal  section      modified  into  bud-scales  for 
through   the  growing-point  of  a  Btem ;   6,  the  r   ai,      u    j 

leaver;  fcn.  their  axillary  buds;  «,  epidermis ;/p  the  protection  of  the  bud. 
flbrovascular  bundles  ;r,  the  cortex;  pl,pleromej       J^g  ^  rule   the  leafy  branch 

"'*'**   '  does   not   develope    in  the 

first  year  beyond   the  bud-stage. 

Buds  may  be  distinguished,  according  to  their  position,  as 
terminal  or  lateral;  but  it  must  be  borne  in  mind  that  a  bud 
which  is  lateral  on  the  parent  shoot  is  the  terminal  bud  of  a 
latei*al  shoot.  Sometimes  the  primary  shoot  of  the  embryo  has  a 
terminal  bud,  which  is  designated  the  plumule.  The  terminal  bud 
may  either  pass  gradually  over  into  the  fully  grown  portion  of  the 
shoot  behind  it,  as  in  the  herbaceous  shoots  of  annual  plants ;  or 
it  may  be  sharply  marked  off  from  the  older  part  of  the  shoot,  as 
may  be  clearly  seen  in  the  winter-buds  of  shrubs  and  trees,  in 
consequence  of  the  periodical  arrest  of  the  growth  of  the  shoot. 
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The  point  at  which  a  leaf  is  developed  on  the  stem  and  remains 
att-ached  is  termed  the  insertion  of  the  leaf ;  and  the  insertion  of  a 
leaf,  or  those  of  two  or  more  if  at  the  same  level,  marks  a  node  of 
the  stem,  and  the  portion  of  the  stem,  whether  long  or  short,  be- 
tween two  consecutive  nodes  is  the  intemode.  When  two  or  more 
leaves  are  inserted  at  each  node,  or  when  the  single  leaf  has  a 
broad  sheathing  insertion  (e.g.  Grasses),  the  nodes  of  the  stem  are 
strongly  marked,  giving  it  a  jointed  appearance. 

The  normal  secondary  lateral  members  of  the  root  are  not  developed 
directly  from  the  growing-point  of  the  parent  root,  but  at  some 
distance  behind  it  where  the  tissues  are  already  differentiated. 
Thej  are  developed  endogenously ;  that  is  to  say,  the  growing- point 
is  formed  by  the  division  of  one  or  more  cells  belonging  to  an  in- 
ternal layer  of  tissue  of  the  parent  root,  so  that  the  young  root 
has  to  penetrate  the  cortical  tissue  before  reaching  the  surface. 

Adventitious  members  are  of  frequent  occurrence,  and  are 
generally  not  developed  from  the  growing-point  of  the  parent 
member,  but  their  growing-points  are  new  formations. 

Adventitious  branches  may  be  developed  on  the  margin  or  sur- 
face of  a  thallus  (e.g.  Metzgeria,  Pellia,  etc.). 

Adventitious  shoots  are  commonly  developed  from  the  callus  (see 
page  214)  which  covers  the  cut  surfaces  of  wounded  parts  (e.g. 
development  of  shoots  from  pieces  of  leaves  of  Begonia,  Achimenes, 
etc.) ;  or  they  may  be  developed,  independently  of  any  injury, 
on  a  leaf  (e.g.  Aspidium  Filix  Masj  Bryophyllum  calycinnm, 
Cardamine  pratensis,  etc.) ;  or  on  a  root,  as  in  a  large  number  of 
trees  and  other  plants :  the  development  of  adventitious  branches 
on  a  stem  is  comparatively  rare  (e.g.  Psilotum,  Begonia;  some 
Liverworts,  such  as  Juvgermannia  bicuspidala^  etc.). 

Adventitious  shoots  are,  in  most  cases,  developed  ezogenously ; 
bat  endogenous  development  has  been  observed  (e.g.  in  some 
Liverworts,  in  roots  of  Atiemxme  sylvestrisj  Ailanthus  glandulosa. 
Stum  laiifolium).  In  some  cases  they  are  formed  by  the  direct 
conversion  of  the  g^-owing- point  of  a  root  (e.g.  Neottia  Nidus- Avis, 
Oataselum  tridentatum,  see  p.  7). 

The  true  adventitions  shoots  should  be  olearlj  distingaished  from  those 
apparently  adventHious  shoots  which  are  due  to  the  overgrowth  of  a  normal 
bat  dormant  bad  (see  p.  82)  by  the  sarroundiog  tissues  {e.g.  Equisetum, 
QlediUehia  sineJisU  and  triacanthuSf  Symphoriearput  vulgaris^  etc.). 

Adventitious  roots  may  be  developed  from  a  callus,  or  from  leaves 
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(e.g,  Cardmnine  pratensis)^  or,  more  commonly,  from  stems,  some- 
times from  the  growing-point  of  the  stem  (e.g.  Isoetes,  Angio- 
pteris,  etc.) ;  they  are  usually  of  endogenous  origin,  but  some- 
times of  exogenous  (e.g.  Nastiiriium  officinale^  Cardamine  pratensis, 
Neottia  Nidus-Avis^  Phylloglossnm,  Lycopodium  cernuum). 

In  some  few  cases,  the  segmentation  of  a  member  into  similar  members, 
takes  place  neither  by  lateral  nor  by  dichotomous  developmenti  but  by  an  alto- 
gether peculiar  process.  For 
instance,  a  portion  of  the  fall- 
grown  thalloid  shoot  of  some 
Laminarieie  is  segmented  into 
similar  members.  To  begin 
with  it  is  nnsegmented;  but 
it  gradually  splits,  by  degener- 
ation of  rows  of  cells,  into  sen- 
ments  which  remain  united 
only  at  the  base.  The  same 
thing  occurs  in  the  leaves  of 
some  Palms  and  Aroids  (e.g. 
Philodendron) . 

The    members     when 
once    formed   commonly 
persist ;    but   frequently 
they    become    separated 
and  fall  off  after  a  time, 
when  they  are  said  to  be 
deciduous.        The     most 
common  instance  is  that 
of    foliage  -  leaves.       In 
most     perennial     plants 
the  foliage-leaves  all  fall 
off  in  the  autumn  ;  but 
in   some — the  evergreen 
trees    and    shrubs — the 
leaves,   which    may   last 
for  more  than  one  year, 
do  not  all  fall  off  at  the 
same  time.     Those  parts  of  the  plant  which  are  connected  with 
reproduction  are  especially  deciduous;  for  instance,  shoots  which 
subserve  vegetative  reproduction,  the  leaves  constituting  the  peri- 
anth of  flowers,  sometimes  the  whole  inflorescence   (e.g.  catkin), 
sometimes  the  fruit  (e.g.  cherry),  seeds,  etc.     When  a  member 


Fio.  10. — LaminaAa  digilata  (after  Harvey  ;  mnoh 
reduced).  The  intercalary  growing-point  is  situated 
fit  the  jnnction  of  the  old  frond  (b)  with  the  new  frond 
(c) ;  a  is  gradually  splitting  into  segments. 
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thus  falis  off  it  leaves  a  more  or  less  permanent  scar;  the  scar  on 
a  node  which  marks  the  position  of  a  fallen  leaf  is  termed  a  leaf- 
scar  (see  p.  215). 

Hairs  and  reprodnctire  organs  are  generally  developed  ao 
lateral  ontgrowths  npon  the  members,  bat  occasionally  they  are 
developed  tei*minally  from  the  apical  growing-point,  in  some 
cases  directly  from  the  apical  cell.  They  are  commonly  de- 
veloped from  one  or  more  snperficial  cells,  bat  in  some  cases  the 
deeper  layers  of  cells  take  part  in  their  formation. 

d.  The  Order  of  Development  of  the  Lateral  Members,  Lateral 
members,  with  the  exception  of  those  which  are  developed  adven- 
titionsly,  are  developed  in  a  definite  order.  The  rale  is  that  they 
are  developed  in  such  an  order  that  the  yoangest  are  nearest  to 
the  growing-point,  whether  the  growing-point  be  apical  or  inter- 
calary.    This  order  is  termed  progressive  succession. 

When  the  growing-point  is  apical,  the  youngest  lateral  members 
are  nearest  the  apex  ;  this  form  of  progressive  succession  is  termed 
acropetal  (see  Fig.  7  C). 

When  the  growing-point  is  intercalary  (Fig.  7  B),  the  lateral 
members  may  be  developed  on  one  side,  or  on  both  sides,  of  the 
growing- point.  When  the  growing- point  is  near  to  the  base  of 
the  parent  member,  the  lateral  members  are  developed  above  it ; 
that  is,  in  hasipetal  succession.  When  the  growing-point  is  in 
the  middle  of  the  parent  member,  the  lateral  members  are  de- 
veloped both  above  and  below  it. 

Occasionally,  particularly  in  the  lower  plants  and  in  connexion 
with  the  production  of  the  reproductive  organs,  the  law  of  pro- 
gressive succession  is  deviated  from  by  the  intercalary  develop- 
ment of  members  between  those  already  formed. 

§  4.  Arrangement  of  Lateral  Members  on  a  Common 
Axis.  The  relative  position  of  members  borne  on  a  parent  mem- 
ber, which  may  be  conveniently  designated  the  cow,mon  axis,  may 
be  regarded  from  two  points  of  view :  in  relation  either  to  the 
long  axis,  or  to  the  surface  of  the  parent  member. 

In  the  former  case,  similar  lateral  members  may  arise  singly, 
at  any  given  level,  or  several  together ;  the  former  is  termed  the 
scattered  arrangement,  the  latter  the  wJwrled,  the  gi*oup  of  lateral 
members  at  the  same  level  constituting  a  whorl  (Fig.  11).  In 
accordance  with  the  law  of  progressive  development,  it  may  be 
inferred  that  the  members  of  a  whorl,  inasmuch  as  they  are  all  at 
the  same  distance  from  the  growing-point,  are  all  of  the  same  age. 
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This  IS  actually  true  in  many  cases,  and  such  whorls  are  said  to 
be  simultaneous.  There  are,  however,  what  are  termed  successive 
whorls ;  whorls,  that  is,  the  constitaent  members  of  which  are  not 
developed  simultaneously,  but  in  a  definite  sequence  {e.g.  leaf- 
whorls  of  CharacesB).  These  must  not  be  coiifounded  with  spuri- 
ous  whorls,  which  arise  in  this  way,  that  members  which  were 
originally  developed  at  different  levels,  come,  by  subsequent  dis- 
placement, so  to  approach  each  other  that  they  appear  to  stand 
at  the  same  level  {e.g.  the  uppermost  leaves  on  the.  stem  of  Liliura 
bulhiferum,  and  the  so-called  whorls  of  branched  of  the  ConifersB). 

The  arrangement  of  the  latei-al  members  upon  the  surface  of 
the   parent  member  is  intimately  connected  with  the  symmetry 

of  the  parent  member,  as  already 
indicated  in  §  2.  The  three  forms 
of  symmetry  will  be  considered 
separately,  regard  being  had  ex- 
clusively to  lateral  members  de- 
veloped in  progressive  succession. 

1.  Radial  Ai-rangenient.  Begin- 
ning with  the  whorled  arrange- 
ment, it  must  be  noticed,  in  the 
first  place,  that  the  members  of  a 
whorl  are  all  similar,  and  are 
arranged  symmetrically  on  the  cir- 
cumference of  the  parent  member. 
If  a  whorl  consists,  for  instance,  of 
two  members,  they  are  placed  ex- 
actly opposite  to  each  other  on  the 
surface  of  the  stem,  and  the  dis- 
Fio.  11.— stem  of  Lamium  with  whorls    tance  between  them,  measured  from 

of  two  leaves ;  1-1, 2-2,  3-3,  ihe  Buccea-      xi  •    j.       r  •  j.-  '^^  . 

Bive  whoriB.  *"®  points  of  insertion,  will  amount 

to  just  half  the  circumference  of 
the  stem.  Similarly,  if  the  whorl  consist  of  three  or  four  members, 
the  distance  between  any  two  adjacent  members  will  be  one-third 
or  one-fourth  of  the  circumference,  and  so  foi-th.  The  lateral 
distance  between  the  points  of  insertion  of  two  adjacent  mem- 
bers, measured  on  the  circumference  of  the  stem,  is  called  their 
divergence^  and  it  is  expressed  in  fractions  of  the  circumference. 

Moreover,  it  is  a  rule,  though  not  without  exceptions,  that  the 
successive  whorls  alternate,  so  that  the  members  of  any  whorl  lie 
opposite  to  the  intervals  between  the  members  of  the  whorls  above 


Digitized  by 


Google 


§  4]  CHAPTEE  I. — GENERAL  MORPHOLOGY.  26 

aud  below  it.     Thus  the  members  of  alternate  whorls  are  exactly 
above  each  other  (Fig.  11). 

This  arrangement,  as  in  fact  all  relations  of  position,  may  be 
Tery  plainly  exhibited  by  means  of  diagrams  (e.g.  Figs.  12-14). 
Such  a  diagram  consists  of  a  groand-plan  of  the  stem,  regarded  as 
being  a  cone,  and  looked  at  from  above :  the  insertion  of  each 
member  will  lie  upon  one  of  a  series  of  concentric  circles,  and  the 
higher  the  insertion  of  the  member  upon  the  stem,  the  neai*er  to 
the  centre  will  be  the  circle  of  the  diagram  upon  which  its 
insertion  is  indicated. 

It  may  be  perceived  in  the  diagram  Fig.  12,  that  when  the  mem- 
bers are  arranged  in  alternate  whorls  they  form  twice  as  many 
longitadinal  series  on  the  stem  as  there  are  members  in  each 
whorl,  provided,  of  coarse,  that  the  number  of  members  in  each 
whorl  is  the  same.  The  longitadinal  series,  which  are  indicated 
in  the  diagram  by  radii,  are  called  or- 
thasiichies. 

This  particular  arrangement  of  alter- 
nate whorls  of  two  members  occurs  very  f 
frequently,  and   is  termed  the  decussate  ^ 
arrangement.    The  two  members  of  each 
whorl  are  said  to  be  opposite. 

Examples  of  alternating  wborls  are  afiforded 
by  the  leaves  of  the  CharaceaB,  of  Equisetam,  and  Fio.  IS.— Diagram  of  a  shoot 

of  Hipporis.    InstaDces  of  whorls  of  three  mem-       ^^^^     alternate     two  -  leaved 

ben  are  found  in  the   leaves  of  the  common      T^^'!"'    ^' V'^^^^V^i^'^  °'- 
,  ^  ,  .  ^  thostichles.    1, 1, 2, 2, 3,  3,  etc.. 

Juniper.    Decussate  leaves  occur  m  most  Caryo-      ^^  successive  whorls. 
phyllace«,    Syrioga    (Lilac),  Lonioera   (Honey- 
BQckle).  Ash,  Maple ;  in  the  last  named  the  lateral  branches  are  also  decussate. 

It  is  comparatively  rare  for  equal  successive  whorls  to  be  super- 
posed ;  that  is,  that  the  members  of  each  whorl  lie  exactly  above 
or  below  those  of  the  others,  so  that  there  are  only  as  many  ortho- 
stichies  as  there  are  members  in  each  whorl.  This  is  the  case, 
however,  in  some  flowers  (see  page  496,  Phyllofaxy  of  the  Flower). 

When  the  successive  whorls  consist  of  different  numbers  of 
members,  as  on  the  stem  of  Folygonatum  verticillatwn,  in  the 
flowers  of  Pomaccse,  etc.,  complicated  relations  of  alternation  are 
induced  which  need  not  be  further  considered  here. 

When  the  similar  latei-al  members  are  arranged  in  a  scattered 
manner,  it  is  easy  to  detecc  that,  within  a  certain  region  of  the 
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Fig.  13.— DiaGrramormn1> 
tilaternl  scattered  nrraoge- 
ment,  with  divergence  of  i. 


common  axis,  their  divergence  is  constant;  that  is,  that  the  distance 
between  any  member  and  its  immediate  predecessor  and  successor  is 
a  certain  fraction  of  the  circumference.    In  a  simple  case,  when  the 
divergence  is  -J-  (Fig.  13),  starting  with  aoy 
member  0,  the  insertion  of  the  next  mem- 
ber developed    in   acropetal  succession  on 
the  common  axis,  which  may  be  numbered 
1,  will  be  separated  from  that  of  0  by  just 
^  of  the  circumference,  and  the  next  mem- 
ber, n  umbered  2,  will  be  separated  from  1 
by  I  of  the  circumference,  and  3  from  2, 
and  so  on.     Hence  3  lies  directly  over  0, 
4  over  1,  5  over  2,  and  so  on  ;  so  that  there 
are  thi'ee  orthostichies.    In  proceeding  from 
0  to  1,  2,  3,  and  so  on,  always  in  the  same 
direction,  the  circumference  of  the  common  axis  is  traversed  in  a 
spiral  which,  in  the  coarse  of  each  whole  turn,  touches  the  bases 
of  three  lateral   members   and   intersects   the   same  orthostichy. 
This  spiral  will  pass  through  the  insertion  of  every  lateral  mem- 
ber, and  as  it  does  so  in  the  order  of   their  development,  it  is 
known  as   the  genetic  spiral.      The  number  of   lateral  members 
through  which  the  genetic  spiral  passes  in  its  coarse  between  any 

two   on    the   same    ortho- 
stichy, is  termed  a  cycle. 

It  might,  however,  be 
said  with  equal  accuracy, 
that  the  divergence  is  ■, 
and  that  by  passing  from 
member  to  member  by  -■ 
"*  of  the  circumference,  a 
spiral  would  be  traced 
which  connects  the  mem- 
bers in  genetic  sequence. 
But  in  this  case  two  turns 
of  the  spii*al  would  have 
to  be  traveled  before  I'e- 
tumiug  to  the  orthostichy 
started  from  ;  i.e.  tho 
cycle  will  consist  of  two 
turns  of  the  spiral  instead  of  one.  For  the  sake  of  simplicity,  the 
spiral  is  not  traced  in  this  longer  way,  but  in  the  shorter  way. 


Fig.  14.— Diagram  of  a  shoot  with  a  conBtant 
divergence  of  |.  I,  II,  III,  etc.,  the  orthostichous 
lines.    (Atter  Sachs.) 
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However,  this  example  will  serve  to  indicate  the  relation  between 
the  construction  of  the  spiral  and  the  f  luction  which  is  used  to 
express  the  divergence.  The  denominator  of  this  fraction  gives 
the  number  of  the  orthostichies,  the  numerator  tlie  number  of 
turns  of  the  spiral  in  the  cycle. 

Another  very  common  divergence  is  f ,  the  geometrical  condi- 
tions of  which  are  readily  intelligfible.     From  the  Figures  14  and 
15,  which  represent  a  divergence  of  f ,  it  is  ea^y  to  see  that  in  this 
case   there   are    eieht    orthostichies,   that 
number  9  stands  over  1,  10  over  2,  and  so 
on,    and    further,  that   the   spiral    passes 
through  the  insertion  of  a  member  at  every 
third   orthostichy,   and   turns   three   times 
round  the  axis  in  the  course  of  one  cycle. 

If,  for  instance,  it  is  required  to  determine 
the  arrangement  of  the  leaves  (phyllotaxiit) 
on  a  stem,  it  is  necessary  to  find  the  leaf 
which  is  exactly  above  the  one,  numbered  0, 
selected  as  a  starting-point,  and  then  to 
count  the  number  of  leaves  which  are  met 
with  in  following  the  shorter  spiT*al  round 
the  stem  between  these  two  leaves.  The 
number  of  the  leaf  which  lies  in  the  same 
orthostichy  is  the  denominator  of  the  frac- 
tion of  divergence,  and  the  numerator  is  the 
number  of  turns  made  by  the  spiral  be- 
tween the  two  leaves. 

When  the  number  of  orthostichies  is 
greater  than  eight,  it  becomes  very  diffi- 
cult to  detect  them,  particularly  when  the 
latei*al  membei-s  are  closely  arranged,  as  the 
leaves  in  the  rosettes  of  the  Hoase-Ieek,  as 
the  flowers  in  the  capitulum  of  the  Sun- 
flower, or  as  the  scales  in  a  fir-cone. 
Another  set  of  lines,  lying  obliquely,  then 
strike  the  eye,  called  parastichies,  which 
also  run  round  the  stem  in  a  spiral,  but 
touch  only  some  of  the  lateral  members ; 
for  instance,  in  Fig.  15,  a  line  which  con- 
nects the  members  3,  6,  9,  and  12.  It  is  evident  that  the  number 
of  parallel  parastichies  most  be  as  great  as  the  difference  between 


Fig.  16.— Diagram  of  an 
axis,  tho  lateral  members  of 
which  have  the  constant  di- 
vergence of  I ;  those  of  the 
anterior  surface  are  indi- 
cated by  their  insertions, 
t^ose  of  the  posterior  by 
circles  ;  they  are  connected 
by  the  genetic  spiraL  I. 
11,  II r,  etc.,  are  the  eight 
orthostichies. 
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the  nnmbers  of  the  membefrs  in  any  one  each  line.  Thns  in  Fig. 
15,.  again,  another  parastichy  connects  the  members  2,  5,  8,  11, 
and  80  on  ;  and  a  third,  the  members  1,  4,  7,  10,  etc.  From 
this  it  is  possible  to  deduce  a  simple  method  for  ascertaining 
the  arrangement  in  complicated  cases ;  the  parastichies  which  rnn 
parallel  in  one  direction  are  counted,  and  the  members  in  one  of 
them  are  numbered  according  to  the  above-mentioned  rule;  by 
repeating  the  process  in  another  system  of  parastichies  which  in- 
tersects the  first,  the  number  of  each  member  will  be  found. 

As  an  illustration : — In  Fig.  15  there  are  three  left-hand  parastichies ;  taking 
the  members  of  any  one  of  them,  we  mark  the  first  1,  the  second  4,  and  so 
on:  there  are  two  right-hand  parastichies;  so  beginoiag  with  the  member 
already  marked  1,  we  mark  the  next  8,  the  next  5,  and  thus  complete  the  nou- 
bering  of  the  members.  Having  numbered  them,  it  is  at  once  apparent  that 
9  is  ou  the  same  orthostiohy  as  1,  and  that  the  divergence  is  g. 

The  commonest  divergences  are  the  following : 

¥»   SJ  *»  ¥>  TS>  ¥T»  '3'*' 

This  series  is  easy  to  remember,  for  the  numerator  of  each  fraction 
is  the  sum  of  those  of  the  two  preceding,  and  it  is  the  same  with 
the  denominators.  There  are,  however,  divergences  which  do  not 
enter  into  this  series,  namely  ^,  ^,  J,  etc. 

As  examples  of  the  divergence  J,  the  leaves  of  many  Mosses,  of  the  Sedges, 
and  the  leaves  and  branches  of  the  Alder,  may  be  mentioned :  j  is  a  very 
common  divergence  for  leaves  on  herbaceous  stems,  and  those  of  Willows,  Oaks, 
etc. ;  the  needle-like  leaves  of  Firs  and  Spruces  have  commonly  the  divergences 
g  and  ^ ;  ^,  JJ,  occur  in  pine-cones,  in  the  capitula  of  many  Composits, 
etc. ;  the  leaves  of  some  Alg»,  such  as  Polysiphonia,  have  the  divergence  J. 

It  has  been  ali*eady  pointed  out  that  these  laws  of  position  stand 
in  the  closest  relation  to  the  progressive  development  of  the  latei^l 
members.  It  can  be  demonstrated  that  the  relation  of  position, 
when  once  established,  is  maintained,  for  each  new  lateral  member 
arises  just  at  the  spot  on  the  growing-point  where  there  is  the 
greatest  amount  of  space  between  the  members  already  formed, 
and  that  it  thus  falls  into  the  order  which  its  predecessors  have 
established.  So  long  as  the  relation  of  size  between  the  rudiments 
of  the  lateral  members  and  the  surface  of  the  common  axis  remains 
constant,  the  divergence  likewise  remains  constant ;  but  if  the 
former  condition  be  altered,  if,  for  example,  the  newly  developed 
members  are  smaller  than  their  predecessors,  it  will  be  readily 
understood  that  the  number  of  orthostichies  and  parastichies  mu^t 
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be  increased.  Hence  we  find  changes  in  the  divergence  taking 
place  just  in  those  regions  in  which  the  size  of  the  lateral  members 
alters,  for  instance,  at  the  base  and  at  the  apex  of  pine-cones,  and 
at  the  base  of  the  inflorescences  of  Compositse.  Furthermore, 
subsequent  alterations  may  be  induced  by  growth,  either  of  the 
axis  or  of  the  developing  lateral  members. 

2.  Isobilateral  Arrangement,  Isobilaterally  arranged  similar 
lateral  members  arise  on  two  diametrically  opposite  sides  of  the 
common  axis,  and  thus  form  two  rows  or  orthostichies.  Usually 
the  members  of  the  two  rows  arise  at  different  levels,  so  that  they 
alternate  (Fig.  16).     In  this  case,  also,  it  is 

possible  to  construct  a  genetic  spiral ;  and  it  ^ 

will  be  such,  that  at  every  half-tui*n  it  passes 
through  the  insertion  of  a  lateral  member, 
and  connects  all  the  existing  members  in 
the  order  of  their  age.  It  is  obviously 
quite  immaterial  in  which  direction  this 
spiral  may  be  traced.  Examples  of  alter- 
nate arrangement  are  afforded  by  the  leaves 

of  many  Mosses  (Fissidens)  and  Ferns,  the        F'«.    i«-  -  Diagram    </ 
leaves  and  branches  of  many  trees  such  as      arranffement.  "  "^  ^^ 
Elm,  Hornbeam,  Lime,  and  the  leaves  of 

the  Grasses.  It  is  only  rarely  that  the  members  of  the  two  rows 
stand  in  pairs  at  the  same  level,  thus  forming  superposed  whorls 
of  two  members  each ;  this  is  the  case  with  the  leaves  of  some 
AlgSB  (Pterothamnion),  and  of  many  Naiadacese,  in  the  latter,  pro- 
bably in  consequence  of  subsequent  displacement. 

3.  Dorsiventral  Arrangement.  This  arrangement  of  lateral  mem- 
bers may  be  manifested  in  very  different  ways.  In  some  cases  the 
common  axis  bears  lateral  members  on  one  side  only ;  in  others, 
the  common  axis  bears  dissimilar  lateral  members  on  its  different 
sides.  As  examples  of  the  former,  the  flowering  shoots  of  Vetches 
and  their  allies,  which  bear  flowers  on  one  side  only,  may  be  men- 
tioned, as  also  the  thallus  of  Marchantia  and  similar  Liverworts 
which  bear  scales  and  root-hairs  on  the  ventral  surface  only.  The 
stem  of  Marsilea  is  an  example  of  the  latter;  it  bears  leaves  on  the 
dorsal  surface,  lateral  branches  on  the  flanks,  right  and  left,  and 
roots  on  the  ventral  surface :  this  relation  holds  good  also  in  the 
case  of  Azolla  and  Pilularia,  and  in  Caulerpa  among  Algae.  In 
Salvinia  the  dorsal  surface  of  the  stem  bears  the  foliage-leaves, 
the  flanks  the  branches,  and  the  ventral  surface  the  aquatic  leaves  ; 
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in  Selaginella,  likewise,  the  leaves  are  borne  on  the  dorsal  and 
ventral  surfaces,  and  the  branches  on  the  flanks.  In  Utricularia, 
and  in  the  inflorescences  of  the  Boraginaceae,  the  branches  are 
borne  on  the  dorsal  surface,  the  leaves  (when  present)  on  the 
flanks.  In  the  LemnaceaB,  the  branches  are  produced  on  the  dor- 
sal, the  roots  on  the  ventral,  side  of  the  shoot. 

The  members  borne  on  the  flanks,  in  these  cases,  are  in  rows,  one 
on  each  flank ;  and  a  similar  serial  arrangement  can  usually  be 
ti*aced  in  the  members  borne  on  the  dorsal  and  ventral  surfaces. 
Thus,  in  the  inflorescences  of  the  Boraginaceae,  the  flowers  are  ar- 
ranged in  two  longitudinal  rows  ;  in  those  of  the  Vetches  there 
may  be  two  rows  {Vicia  Faha,  commonly),  or  many  rows  (Vidii 
Graced),     The  leaves  of  some  Algae  such  as  Caulerpa  (Fig.  17)  and 


Fig.  17.  A  portion  of  the  body  of  CauUrpa  plumarU  showing  doni ventral  arrangement 
of  members,  ^'he  horizontal  stem  bears  leaves  on  its  upper  (dorsal)  surface,  and  root^  on  its 
lower  (ventml)  surfoce. 

Herposiphonia  (Fig.  3)  are  borne  in  one  row  on  the  doi*sal,  and 
the  roots  in  one  I'ow  on  the  ventral  surface  of  the  stem  ;  similarly 
in  some  Ferns  (Lygodium  palmatum,  Polypodium  Heracleum)  there 
is  a  single  dorsal  row  of  leaves.  In  Azolla,  Pilularia,  and  Marsilea, 
there  are  two  dorsal  row  of  leaves,  in  Selaginella  there  are  two 
ventral  and  two  dorsal  rows  of  leaves,  and  in  Salvinia  two  ventral 
and  four  dorsal  rows. 

The  whorled  arrangement  is  not  excluded  by  dorsiventrality  : 
for  instance,  in  Salvinia,  the  leaves  are  arranged  in  alternating 
whorls  of  three,  two  of  the  leaves  being  borne  dorsally,  and  the 
third  ventrally,  and  thus  the  four  dorsal  and  the  two  ventral  rows 
of  leaves  are  produced. 
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The  affinity  between  the  dorsiventral  arrangement  and  the 
isobilaieral  is  indicated  by  the  fact  that  many  axes  develope  their 
lateral  appendages  on  their  flanks,  though  they  eventually  come  to 
be  dorsal.  For  instance,  the  creeping  shoots  of  Butomos  and  other 
plants  prod  ace  their  leaves  in  two  lateral  rows,  which,  however, 
eventually  undergo  displacement  on  to  the  dorsal  surface :  again, 
in  the  twi^  of  the  Beech,  the  two  rows  of  leaves  approach  each 
other  on  the  ventral  surface,  and  the  lateral  branches  approach 
each  other  on  the  dorsal. 

Dorsiventral  or  bilateral  arrangement  may  not  uncommonly  be 
foand  in  the  same  plant  with  radial  arrangement,  but  in  different 
part«  :  thus  in  the  Hornbeam  and  the  Elm  the  leaves  of  the  pri- 
mary shoot  of  the  seedling  are  arranged  radially,  whilst  on  the  twigs 
of  the  adult  plant  the  leaves  are  arranged  bilaterally  (see  p.  12). 

§  5.  The  Mutual  Relations  of  Dissimilar  Secondary 
Members.  In  most  plants  the  position  of  the  lateral  branches  of 
the  shoot  is  closely  related  to  the  arrangement  of  the  leaves.  In 
radial  and  isobilateral  shoots  it  is  the  general  rule  that  the  lateral 
buds  are  developed  in  the  angle,  termed  the  oxtV,  made  by  a  leaf,  the 
MiLbtending  leaf,  with  the  portion  of  the  stem  above  its  insertion 
(see  Fig.  9  kn).     This  kind  of  bi*anching  is  termed  dxillai-y. 

Other  relations,  leading  to  what  is  termed  extra'Oxillary  branch- 
ing, may  however  obtain  in  these  shoots.  This  may  be  due  to 
displacement,  so  that  the  branch  springs  either  from  the  parent 
shoot  above  the  axil,  or  from  the  surface  of  the  subtending  leaf. 
It  may  also  be  due  to  the  suppression  of  the  subtending  leaf,  as 
is  frequently  the  case  in  inflorescences.  In  some  cases  {e.g.  Poly- 
$iphonia  elongata)  a  branch  may  be  developed  in  the  place  of  a 
leaf,  occupying  its  position  in  the  genetic  spiral.  In  other  casen, 
as  in  many  Mosses  and  Ferns,  the  bud  is  developed  below  the  in- 
sertion of  the  corresponding  leaf ;  and  in  some  Mosses,  by  the  side 
of  it. 

Axillary  branching  sometimes  occurs  in  dorsiventral  shoots  (e.g. 
Naiadaceae),  but  the  lateral  branches  are  more  frequently  developed 
by  the  side  of  the  leaves.  Thus,  in  Pilularia,  Marsilea,  Azolla,  etc., 
where  the  leaves  are  borne  dorsal ly  and  the  branches  on  the  flanks 
of  the  stem,  each  branch  is  in  relation  with  the  lower  edge  of  the 
corresponding  leaf;  and  in  Utricularia  and  the  inflorescences  of 
the  Boraginaceae,  where  the  branches  are  borne  dorsally  and  the 
leaves  laterally,  each  branch  is  in  relation  with  the  upper  edge  of 
the  corresponding  leaf. 
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There  may,  however  be  no  definite  relation  between  the  branches 
and  the  leaves.  For  instance,  the  lateral  branches  of  Lycopodiam 
are  developed  without  any  relation  to  the  position  of  the  leaves, 
and  in  dichotomous  branching  no  such  relation  can  exist. 

When  the  shoot  grows  by  means  of  a  siogle  apical  cell,  a  direct 
genetic  relation  can  be  traced  between  a  branch  and  its  correspond- 
ing leaf.  Thus,  in  Mosses,  Equisetum,  etc.,  the  branch  and  the 
leaf  are  both  derived  from  the  same  segment  of  the  apical  cell. 

It  does  not  necessarily  follow,  in  those  cases  in  which  there  is  a 
definite  relation  between  leaf  and  branch,  that  every  leaf  has  a 
branch  developed  in  relation  with  it,  though  this  is  frequently  the 
case.  Floral  and  scaly  leaves,  for  instance,  have,  as  a  rule,  no  buds 
in  their  axils. 

It  occasionally  happens,  in  axillary  branching,  that  more  than 
one  bud  is  developed  in  the  axil  of  a  leaf.  These  buds  may  be  ar- 
ranged either  one  above  the  other  (e.g,  Aristolochia  Sipho,  Meni- 
spermum  canadense,  Juglans  regia  in  the  axils  of  the  cotyledons. 
Honeysuckle,  Gleditschia  sinensis)  in  progressive  succession,  so 
that  the  youngest  is  lowest  in  the  axil ;  or  side  by  side  (as  in  Allium 
nigrum,  bulbs  of  Muscari  hotryoides,  inflorescences  of  species  of 
Musa,  among  Monocotyledons ;  and  in  some  Willows,  Poplars,  and 
Maples,  among  Dicotyledons).  In  some  cases,  however  {e.g. 
Cuscufa)y  the  presence  of  several  buds  in  one  axil  is  not  due  to  in- 
dependent development,  but  to  the  branching  of  a  single  original 
bud. 

All  the  shoots  that  originate  as  lateral  buds  are  not  necessarily 
developed  into  branches ;  thus,  in  most  trees,  the  buds  which  are 
formed  in  the  axils  of  the  lowest  leaves  of  the  shoots  of  each  year 
usually  remain  undeveloped,  and  are  only  incited  to  growth  when 
the  other  buds  are  destroyed.  Buds  which  thus  remain  unde- 
veloped for  a  long  period,  often  for  years,  are  called  dormant,  and 
the  shoots  which  are  ultimately  produced  from  them  are  saidto  be 
deftrred. 

§  6.  Branch-Systems.  The  development  from  a  parent 
member  of  members  similar  to  itself  is  termed  branching,  and  it 
frequently  takes  place  in  such  a  way  as  to  lead  to  an  aggregate 
of  similar  members,  constituting  a  branch- system.  The  morpho- 
logical nature  of  the  member  does  not  determine  the  form  of 
branch-system  to  which  it  gives  rise ;  the  leaf,  the  stem,  the 
root,  the  thallus,  all  present  essentially  the  same  types  of  branch- 
systems. 
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Two  pnDcipal  types  of  branching  may  be  distingaished  (see 
p.  19),  the  dichoiomous  and  the  lateral ;  bnt  it  must  be  borne  in 
mind  that  this  distinction  is  somewhat  arbitrary,  and  that  these 
types  are  connected  by  intermediate  forms. 

1.  In  dichotomous  branching y  the  apical  growing- point  divides 
into  two  new  growing- points  (Fig.  8)  which  are  at  first  equally 
vigorous ;  and  they  may  (a)  either  remain  so,  or  (h)  the  one  may 
develope  more  vigorously  than  the  other. 

(o)  When  the  former  is  the  case,  the  dichotomy  developes  in 
a  bifurcate  manner  (Fig.  18  A),  The  subsequent  dichotomies 
may  all  take  place  in  the  same 
plane,  as  in  the  thallus  of  many 
Liverworts,  and  in  the  leaves 
of  Schizma  dichotoma  (Fern),  so 
that  the  whole  branch- system 
lies  in  one  plane,  and  is  bi- 
lateral. Or  the  subsequent 
dichotomies  may  take  place  in 
various  planes,  which  com- 
monly intersect  at  right  an- 
gles, as  in  the  roots  of  Isoetes, 
where  the  branch-system  is 
radial. 

(b)  When  the  latter  is  the 
case,  the  branch-system  be- 
comes sympodial.  The  basal 
portions,  or  podia,  of  the  suc- 
cessive bifurcations  aonstitute 
an  axis,  termed  a  pseud-axis, 
or  sywpodium,  on  which  the 
weaker  branches  appear  as 
lateral  out-growths  (Fig.  18 
J5,  (T).  The  more  vigorous 
branches  may  be  always  those 
of  one  side,  producing  what  is  termed  a  helicoid  or  hoslrychotd 
dichotomous  branch-system  (Fig.  18,  B),  bb  in  the  thalloid  shoot 
of  Fucus ;  or  they  may  be  developed  alternately  on  opposite  sides, 
when  a  scoipioid  or  cincinnal  dichotomous  branch-system  is  pro- 
duced (Fig.  18,  C). 

Diebotomoos  branching  is  the  less  common  type.    It  occmrs  in  some  Algae^ 
{e,0.  Cladostephos,  Dictyota  dichotoma,  Facus,  some  Floridesa) ;  in  some  Livcr- 
V.  8.  B.  D 


Fitt  18.— Diagram  of  the  varioas  modes  of 
development  of  a  Dichotomy.  A  Bifurcate 
dichotomy.  B  Helicoid  dichotomy;  here 
the  left-band  (I)  branch  is  always  more 
vigorous  than  the  right  (r).  C  Scorpioid 
dichotomy;  the  right  and  left  branches  are 
alternately  more  vigorous  in  their  growth. 
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worts  {e.g.  Marchantiaceie) ;  in  the  leaves  of  some  Ferns;  in  the  roots  of 
Lycopodiam  and  Isoetes;  in  tbe  stem  of  «ouie  Lycopodiums  (L.  alpinum, 
dicliotoma).    In  the  Phanerogams  it  only  occurs  in  inflorescences  and  flowers. 

It  will  be  observed  that  dichotomoos  branching  necessarily 
involves  the  limitation  of  growth  of  the  branching  member. 

2.  In  lateral  branching,  the  new  members  are  developed 
laterally  from  the  parent  member.  Two  forms  may  be  distin- 
guishcd,  the  monopodial  and  the  cymose. 

a,  Monopodial  branching.  The  characteristic  feature  of  a  mono- 
podial  branch-system  is  the  presence  of  a  main  axis  (monnpo- 
dium),  formed   by  the   con  tinned    elongation  of    the    branching 


Fig.  19.— Cymose  brfioch-Bystems  ropresented  diagrammatically.  When  the  branches 
aro  regarded  as  all  Ijiog  in  one  plane  (that  of  tbe  paper),  A  and  B  represent  the  Rhipi- 
<Iium,  and  D  tbe  Drepanium.  When  the  branches  are  regarded  as  lying  in  varions  planes* 
A  and  B  represent  tbe  soorpioid  (cincinnal)  cyme,  and  1)  tbe  belicoid  (bo&trychoid)  cyme ; 
C,  the  dichasial  cyme,  tbe  branches  being  regarded  as  lying  in  varioos  planes. 

member,  bearing  a  number  of  less  highly  developed  lateral  axes. 
This  is  due  either  to  the  greater  rapidity,  or  longer  duration,  of 
the  growth  of  the  branching  member  as  compared  with  that  of  the 
lateral  members. 

A  good  example  of  the  fonner  case  is  afforded  by  Firs.  Here 
both  the  primary  shoot  and  the  main  lateral  shoots  have  un- 
limited growth ;  but  the  former  grows  more  rapidly  than  the  latter, 
and  so  constitutes  a  main  axis. 

A  good  example  of  the  latter  is  afforded  by  racemose  inflores- 
cences.    Here  the  growth  of  each  of  the  members  of  the  branch- 
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sjsteni  is  limited  by  the  formation  of  a  terminal  flower;  but 
the  terminal  flower  is  developed  last  at  the  apex  of  the  main 
axis ;  hence  it  grows  for  a  longer  penod  than  the  lateral  axes, 
althoagh,  as  is  commonly  the  case,  the  rapidity  of  the  growth  of 
the  lateral  axes  may  have  been  gi-eater  than  that  of  the  main 
axis. 

b.  Cymose  branchvig.  The  characteristic  feature  of  a  cymosc 
branch-system  is  the  absence  of  a  main  axis.  This  is  due  to  the 
diminished  rapidity,  or  shorter  duration,  of  the  gi*owth  of  the 
branching  member  as  compared  with  that  of  the  lateral  members. 
When  a  main  axis  is  formed,  it  is  a  pseud-axis,  that  is,  it  is  not 
prod  need  by  the  continuous  elongation  of  one  and  the  same 
member,  but  is  built  up  from  segments  of  axes  of  diiferent  ordera. 
Such  a  pseud-axis  is  termed  a  sympodium. 

a.  Nopseud- 
axis  is  formed  57* 

when  two  or  vs./>        ^  /  ^ 

more  lateral 
axes  elongate 
with  equal 
vigour,  and 
more  vigor- 
ously than 
the  primary 
axis.  When 
the  number 
of  vigorous 
lateral  axes 
happens  to 
be  two,  the 
branch  -  sys- 
tem  bears   a 

superficial  resemblance  to  a  true  dichotomy,  and  is  hence  termed 
a  false  dichotomy,  or  dichasium  (Fig.  19  G;  Fig.  20).  When 
many  lateral  axes  are  developed  close  together,  the  branch-system 
is  termed  a  pleiochasium. 

If  the  dichasial  branching  be  repeated,  the  various  dichasia 
may  lie  in  one  plane  (as  in  the  Mistletoe)  ;  or,  as  is  more  frequently 
the  case,  in  different  planes.  Examples  are  afforded  by  the  in- 
florescences of  the  Spurges  (Euphorbia) ;  the  branches  of  the 
Lilac  (Sj'ringa),  in  which  usually  the  terminal  bud  dies,  and  the 


Pio  20.— Dlflgrram  of  a  False  Dichotomy  or  Dichasiam  ;  the  Roman 
iinmorals  indicate  the  order  of  development  of  the  shoots  of  the 
KjBtem.  Those  numbered  IV  and  W*  are  equally  vigorous,  and 
much  more  so  than  the  primary  axis  I.    (From  Sachs.) 
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two  highest  lateral  bads  cairy  on  the  development  of  the  branch  ; 
and  in  those  of  Rhamntu  catharticaj  the  terminal  bud  of  which 
becomes  a  thorn. 

(P)  A  pseud-dxis,  or  sympodium,  is  fontned  when  onlj  one  lateral 
axis  developes  vigorously  in  each  case.  Thus,  in  Fig.  19  -4,  in 
which  the  darker  lines  indicate  the  more  vigorous  growth,  the 
lateral  axis  has  grown  more  vigorously  than  the  parent  axis,  and 
so  on.  The  pseud-axis,  which  is  thus  formed,  is  at  first  crooked ; 
but  in  most  cases  it  subsequently  becomes  straight  (Fig.  19  J 
becomes  B),  Examples  of  the  formation  of  sympodia  are 
afiorded  by  many  subterranean  stems,  such  as  that  of  Polygo- 
natum  (see  p.  42,  Fig.  23  B)^  which  annually  come  above  ground, 
whilst  a  lateral  branch  maintains  the  dirojction  of  growth  under- 
ground. Much  the  same  thing  may  be  observed,  though  not  so 
clearly,  in  the  branches  of  many  shrubs  and  trees.  Amongst 
inflorescences,  also  many  examples  of  the  formation  of  sympodia 
aro  to  be  found  (see  Part  III.).  The  vigorous  lateral  branch 
which  carries  on  the  further  growth  of  the  plant  is  termed  an 
innovation- shoot. 

The  various  forms  of  sympodial  brauoh-systems  may  be  classified 
as  follows: — 

1.  Sympodia  in  which  all  the  branches  lie  in  one  plane,  forming 
a  bilateral  branch-system : 

a.  The  Bhipidium  (fan)  ;  the  lateral  bi*anches  are  developed 

alternately  in  two  opposite  directions  (Fig.  19  -4,  B), 

b.  The  Brepanium  (sickle)  ;  the  more  vigoix)us  branches  are 

all  developed  on  one  side  (Fig.  19  D), 

2.  Sympodia  in  which  the  branches  lie  in  different  planes, 
forming  a  radial  branch-system  : 

a.  The  Sccipioid  Cyme  (Cincinnus)  ;  the  lateral  branches 

are  developed  alternately  on  opposite  sides. 

h.  The  Helicoid  Cyme  (Bostryx)  ;  the  lateral  branches  are 

all  developed  on  one  side. 

§  7.    Cohesion  and  Adhesion.    It  sometimes  happens  that 

the  originally  free   edges  of  parts  subsequently  grow  together; 

for  instance,  the  margins  of  the  carpellary  leaves  to  form  ovaries. 

In  some  Florideae,  originally  separate  branches  of  the  shoot  have 

been  observed  to  grow  together.     But  a  more  common  case  is  that 

the  rudiments  of  distinct  members  become  united  into  one  whole 

by  the  growth  of  their  common  base  (see  p.  17).     For  example,  a 

gamopetalou5  corolla  (see  p.  514,  Part  III.)  arises  in  th:s  way,  that 
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the  whorled  leaf- rudiments  are  raised  up  by  the  intercalary  growth 

of  their  comnion  base  (Fig.  21 

A,  r),  and  come  to  be  merely 

lappets   on  the  rim  of   a  tube 

(Fig.  21  B).      This  explanation 

applies   also   to   perfoliate   and 

connate  leaves  (see  Fig.  29). 

The  nnion  brought  about  in 
either  of  these  ways  may  affect 
membei*s  developed  at  the  same 
level,  or  members  developed  at 
different  levels;  in  the  former 
case  the  term  cohesion  is  used ; 
in  the  latter,  the  term  adhesion. 
Examples  of  the  former  are 
afforded  by  gamope talons  corol- 
las, syncarpous  ovaries,  etc.  ; 
and  of  the  latter  by  epipetalons        y,,  j,._P,ower  of  Petoni..   a  rer. 


stamens,  hy  leaves  adhering  to     young  (xso);  b  mature  (nat.«ice);  it  the 
the  shoots  borue  in  their  axils     ^^y^-  ** ""  "~  *'°' 

has  been  removed ;  r  tl 

as  in  the  Lime,  etc.  or  teeth  of  the  oorou^ 


CHAPTER   II. 

THE  SPECIAL  MORPHOLOGY  OP  THE  MEMBERS. 
A.  Vegetative  Organs. 

§  8.  The  Thai  I  us.  Among  those  plants  in  which  an  alter- 
nation of  generations  is  not  known  to  occur,  the  body  is  a  thallus 
in  the  lower  Fungi  (e,g,  Schizomycetes,  Saccharomycetes,  etc.), 
and  in  many  AlgeB  (e.g.  Cyanophyceee,  some  ChlorophycesB,  such 
as  Vol  vox,  Desmids,  Confervoidese ;  some  Phaeophycese,  such  as 
Ectocarpus,  Sphacelaria,  etc.). 

Among  those  plants  in  which  alternation  of  generations  ijs 
known  to  occur,  the  body  may  be  a  thallus  in  one  or  both  genera- 
tions ;  it  is,  for  instance,  a  thallus  in  both  generations  in  some 
AlgSB  (e.g.  ColeochsBte,  some  Rhgdophyceee),  and  in  Riccia  among 
the  HepaticfiB:  the  gaipetophyte  is  a  thallus  in  some  Algse,  in 
all  the  HepaticsB  except  the  foliose  Jungermanniacead,  in  most 
Vascular  Cryptogams,  and  in  all  Phanerogams :  the  sporophyte 
ifl  a  thallus  in  all  Rhodophyces ;  and  in  some  Phanerogams,  as 


Digitized  by 


Google 


38  PART   I. — THE    MORPHOLOGY   OP   PLANTS.  [§§  9,  10. 

an  exception,  the  vegetative  body,  apart  from  the  reprodactivo 
organs  of  the  sporophyte,  is  a  thallus  (e.g.  Wuljjla  arrhiza). 

The  thallus  offers  considerable  variety  of  form.  It  may  be 
spherical;  or  filamentous,  branched  or  unbranched;  or  a  flattened 
expansion,  branched  or  unbranched ;  or  a  massive  tuberous  body. 
It  commonly  bears  bairs.  The  symmetry  of  the  thallus  is 
multilateral,  isobilateral,  or  dorsiventml.  Complete  multilateral 
symmetry  is  exhibited  when  the  thallus  is  spheiicul  (e.g.  Vol  vox, 
Fig.  1) ;  isobilateral  symmetry  when  the  thallus  is  flattened 
(e.g.  Desmids,  Coleochcete)  with  similar  surfaces;  dorsiventral 
symmetry,  when  the  thallus  is  flattened,  with  dissimilar  dorsal 
and  ventral  surfaces  (e.g.  most  HepaticsB,  and  fern-prothallia). 

The  branching  of  the  thallus  takes  place  in  accordance  with  the 
general  laws  laid  down  on  p.  82 ;  the  flattened  thallus  frequently 
branches  dichotomously  (e.g.  some  thalloid  HepattcsB).  The  main 
axis  and  the  branches  may  be  either  limited  or  unlimited  in 
growth. 

The  branches  of  the  thallus  may  be  modified  in  form  in  connexion 
with  some  special  function.  Thus,  the  development*  of  repro- 
ductive organs  is  in  some  cases  confined  to  certain  branches,  and 
these  then  differ  in  form  from  the  ordinary  vegetative  branches 
(e.g.  some  Hepaticee). 

§  9.  The  Thalloid  Shoot.  The  body  is  differentiated  into 
a  root  and  a  thalloid  shoot;  in  the  gametophyte  of  some  Algse 
(some  Siphonoideae,  Confervoideae,  PhaBophycece,  and  Florideae), 
and  of  some  Vascular  Cryptogams  (Equisetum,  Osmunda,  Lyco- 
podinm) ;  in  the  sporophyte  of  somo  AlgsB  (e.g.  Dictyotacese)  and 
of  the  Bryophyta  (except  Riccia). 

The  vegetative  body  of  the  sporophyte  has  a  thalloid  shoot  in  some  Phane- 
rogams [e  ij.  Lemna). 

The  morphology  of  the  thalloid  shoot  is  very  much  the  same  as 
that  of  the  thallus.  In  some  cases,  however  (e.g.  Laminaria,  see 
Fig.  10,  p.  22),  it  is  differentiated  into  a  basal  cylindrical  stallc- 
like  portion,  and  a  terminal  flattened  thalloid  expansion.  The 
branching  is,  not  uncommonly,  dichotomous  (e.g.  Lictyota 
dichotoma,  Fig.  8,  p.  19). 

§  10.  The  Leafy  Shoot.  The  shoot  is  differentiated  into 
stem  and  leaf  in  some  Algae  (e.g.  Caulerpa,  Bryopsis,  Cladoste- 
phns,  Sargassum,  the  Characece,  and  the  gametophyte  of  some 
Floridece) ;    the    adult  gametophytic   shoots   of    some    Hcpatico) 
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(follose  Jangermanniacete),  and  of  all  Mosses;  the  sporophyte  of 
Yascalar  Cryptogams  and  Phanerogams. 

The  distinction  between  stem  and  leaf  is  not,  however,  obvioaa 
in  all  these  plants.  In  the  lower  forms,  this  is  due  to  the  low 
degree  which  the  morphological  differentiation  has  attained ;  whilst 
in  the  higher  forms  it  is  due  to  the  degenerate  development — 
amounting  in  some  cases  to  complete  suppression  — of  the  leaves  ; 
and  also,  in  some  cases,  to  the  assumption  of  a  more  or  less  leaf- 
like foi-m  by  the  stem  or  its  branches.  The  true  morphological 
nature  of  the  members  can  only  be  ascertained,  in  these  cases,  by 
a  study  of  their  development  and  of  their  relation  to  each  other. 

In  plants  which  live  for  more  than  one  year,  the  shoot  may 
either  persist  from  year  to  year,  or  it  may  die  down  to  the  surface 
of  the  soil  in  each  year,  the  subterranean  parts  being  alone  per- 
sistent.    Shoots  which  last  only  one  year  are  termed  annual. 

The  general  fcnn  of  the  leafy  shoot  varies  widely.  Even  on 
one  and  the  same  plant  there  may  be  different  forms  of  leafy 
shoots,  the  diffei*ences  being  due  either  to  peculiarities  in  the 
conditions  of  development,  or  of  function.  Marked  differences 
exist,  for  instance,  between  submerged  or  subterranean  and 
aerial  shoots;  also  between  vegetative  shoots  and  those  bearing 
the  reproductive  organs. 

The  form  of  the  shoot  depends  largely  upon  the  amount  of 
elongation  which  the  internodes  of  the  stem  undergo.  Thus,  thei-e 
is  in  some  plants  (e.g.  some  Florideaa;  Sphagnum,  and  other 
Mosses;  the  Larch,  Pine,  and  Taxodium,  among  the  Coniferae; 
and  many  Angiosperms)  a  well-marked  distinction  of  two  forms 
of  vegetative  shoots.  These  are  the  ordinary  elongated  branched 
shoots ;  and  short  shoots,  termed  dwarf-shoots^  which  elongate  but 
little,  branch  scarcely  at  all,  and  are  frequently  of  but  short 
duration  (see  p.  19).  Thus,  in  some  plants  (e.g,  many  pleurocar- 
pous  Mosses;  most  Ferns,  Conifers,  and  many  other  plants)  the 
primary  shoot  continues  to  grow  throughout  the  life  of  the  plant ; 
whilst  in  otliera,  the  growth  of  the  primary  shoot  is  limited, 
the  further  development  of  the  shoot  being  effected  by  a  lateral 
branch,  itself  of  limited  growth  ;  so  that,  by  the  repetition  of  this 
process  a  cymose  bi-anch-system  is  produced  (see  p.  35).  This 
mode  of  development  by  innovation  occurs  in  many  so-called 
unteueicd  plants  whose  primary  shoot  terminates  in  a  flower ;  also 
in  the  acrocarpous  Mosses  where  the  elongation  of  the  shoot  is 
arrested  by  the  development  of  the  sexual  reproductive  organs. 
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and,  in  other  cases,  independently  of  the  development  of  repro- 
ductive organs,  as  in  Hyhcomium  gplendens,  a  pleurocarpous  Moss, 
the  shoots  of  which  grow  for  but  one  year ;  and  in  the  seedlings 
of  the  Lime,  and  of  the  Elm,  which  form  no  terminal  bud  at 
the  close  of  the  first  year,  the  further  development  of  the  shoot 
being  effected  by  the  highest  lateral  bud. 

In  those  shoots  of  trees  which  are  produced  in  one  season*B  growth,  the  lowest 
intemodes,  especially  those  lying  between  the  bud-scales,  are  very  short ;  so  that 
it  is  easy,  by  noticing  the  closely-arranged  scars  of  the  bud-scales,  to  deter- 
mine, in  a  shoot  several  years  old,  the  amount  of  growth  during  each  year. 
The  terminal  and  the  lateral  buds  of  such  an  annual  shoot  usually  remain  in 
the  bud-condition  during  the  first  year  until  the  beginning  of  the  next 
period  of  growth,  so  that  the  age  of  such  a  branch-system  can  be  determined 
by  the  extent  of  the  branching,  the  number  of  years  corresponding  to  the 
number  of  times  that  branching  has  taken  place.  In  some  trees,  however,  {e.g, 
the  Oak)  a  second  shoot,  which  had  hitherto  existed  in  the  bud-condition,  is 
regularly  developed  in  the  middle  of  summer.  As  a  general  rule,  it  is  only  the 
more  anterior  (near  the  apex)  of  the  lateral  buds  on  the  shoot  which  derelope 
in  the  subsequent  jear  into  branches,  as  is  very  clearly  seen  in  the  whorled 
branches  of  the  Conifers ;  when,  however,  the  more  posterior  lateral  buds  do 
develope,  the  branches  produced  are  successively  the  shorter  the  further  they 
are  from  the  apex  {e.g.  Elm).  Whilst  in  many  trees  (Conifer®,  Oak)  the 
terminal  bud  of  a  shoot  always  grows  into  a  new  shoot  in  the  next  year,  in  others 
(Lime,  Elm,  sometimes  Beecb)  this  is  not  the  case,  but  the  elongation  of  the 
shoot  is  eflfected  in  a  sympodial  manner  by  means  of  the  highest  lateral  bud 
(see  p.  86). 

In  the  Larch,  the  dwarf-shoots  bear  the  fascicled  leaves,  and  spring  from  the 
axils  of  the  leaves  of  an  ordinary  shoot  of  the  same  year  ;  they  usually  elongate 
but  slightly  each  year,  but  they  may,  under  certain  circumstances,  develope 
into  ordinary  shoots.  In  the  Scots  Pine,  the  dwarf-shoots  bear  only  two  green 
leaves,  in  addition  to  scaly  leaves ;  they  arise  in  the  axils  of  the  leaves  of  the 
o.rdinary  shoots  of  the  same  year,  and  they  fall  off  when  the  leaves  die.  In 
dicotyledonous  trees,  these  dwarf-shoots  occur  especially  in  advanced  age,  or 
when  the  growth  of  the  tree  is  stunted.  They  are  very  conspicuous  in  the 
Apple,  Pear,  and  other  similar  trees,  and  are  the  only  parts  of  the  tree  which 
produce  flowers  and  fruit. 

The  Bulb  and  the  Corm  are  examples  of  shoots  with  short  stems ;  they  are, 
in  fact,  forms  of  the  bud,  produced  underground. 

The  Bulb  consist  of  a  flattened  discoid  stem  (Fig.  22  B),  bearing  a  number  of 
scaly  leaves  closely  arranged  on  its  upper  surface,  and  roots  on  its  lower  surface. 
The  leaves  may  either  invest  each  other,  as  in  the  Onion,  when  the  bulb  is  said 
to  be  tunicate ;  or  they  may  overlap  at  their  edges,  as  in  the  Lily,  when  the 
bulb  is  said  to  be  imbricate. 

Aerial  buds  develope  in  some  plants  into  small  bulbs,  termed  bulbih^  as  in 
Lilium  bulbifertim^  Dentaria  bulbifera,  and  in  some  species  of  Onion. 

The  Corm  consists  of  a  rounded  or  flattened  stem  which  occupies  a  relatively 


Digitized  by 


Google 


§  10.]      CHAPTER   II. — SPECIAL   UOSPHOLOGT   OF  THE   MEMBERS. 


41 


larger  proportion  of  space  than  that  of  the  bulb,  and  ia  invested  by  only  a  few 
sealy  leaves.    It  ooonrs  in  Croons  and  other  Iridaceie. 

The  Tuber  is  likewise  a  shortened  shoot,  with  a  swollen  stem  and  small  scaly 
leaves ;  it  is  usually  developed  underground,  as  in  the  Potato  and  the  Jerusalem 
Artichoke  {Helianthut  tuberostu,  Fig.  22  A), 

The  morphological  nature  of  the  tuber  is  readily  demonstrated  by  uncovering 
the  nnderground  shoots  of  a  Potato-plant,  when  they  develope  into  ordinary 


E 


Fxo.  22.— Yarions  Torms  of  ffhoois.  A  Tubers  of  Helianthu$  tuheroaus  (\  nat.  size); 
•  lower  part  of  the  stem  springing  from  last  year's  tuber  V;  in  the  axils  of  the  npper 
leares  arise  the  buds  fcn,  and  in  those  of  the  lower  leaves  the  tubers  h  with  very  small 
scaly  leaves  and  buds.  B  Bulb  of  Hyaointhut  orientalu  (reduced) ;  h  the  discoid  etem,  s 
the  scaly  leaver,  s  the  stalk  which  subfequently  elongates  and  bears  the  flowers  above 
ground,  with  the  buds  b ;  I  foliago-leaves,  to  roots;  hn  an  axillary  bud  which  becomes 
next  year's  bulb.  C  Elongated  rhizome  of  Carm  arenaria  (J) ;  scaly  leaves  n ;  a  erect 
shoot  with  scaly  and  foliage*  leaves  I,  D  Runner  •  of  the  Strawberry,  Fmgaria  (reduced), 
Kpriogincr  IVom  the  plant  a,  with  scaly  leaves  n,  from  the  axil  of  which  a  new  plant  b 
arisea.  B  Croepinsf  stem  of  the  Ground  Ivy,  Nepeta  OUfihnma,  (reduced) ;  //  deoussata 
learea;  the  internodes  are  twisted;  a  axillary  shoot;  w  root. 
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foliage-shoots.  Again,  if  the  development  of  tubers  be  prevented  by  cutting 
off  the  underground  shoots,  the  buds  in  the  axils  of  the  leaves  above  tLe  ground 
develope  into  tubers. 

The  Flower  is  another  form  of  shortened  shoot,  the  leaves  of  \?hich,  when 
present,  are  arranged  closely  together.  The  morphology  of  the  flower  is 
discussed  in  subsequent  paragraphs  (pp.  76,  -ISl), 

Shoots  may  grow  erect  into  the  air ;  or  they  may  grow  horizontally  either 
above  or  below  tbe  surface  of  the  soil. 

A  shoot  which  grows  horizontally  on  the  surface  of  the  soil  is  termed  a 
creeping  shoot  (Fig.  22  E). 

The  Runrur  or  Stolon  is  allied  to  the  creeping  shoot.  It  is  an  elongated 
lateral  shoot  which  takes  root  at  some  distauce  from  the  parent  plant,  and 
which  by  the  dying  away  of  the  intermediate  portion,  becomes  a  new  individual. 
The  runner  may  grow  either  just  above  (Fig.  22  D),  or  just  below  the  surface 
of  the  soil ;  it  bears  sometimes  scaly  leaves,  sometimes  foliage-leaves  (UUracium 
PiloaeWi).  Bunners  usually  spring  from  sboots  with  limited  growth,  but  some- 
times from  those  with  unlimited  growth,  e.g.  Onoclea  Struthiopterii, 
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Pio.  33.— .4  Rhi»omc,  with  unlimited  growth,  of  Oralii  Ao4toK4lla  (Wood- Sorrel) ;  n  scaly 
leaves ;  I  foliage-leaves ;  I'romains  of  older  roliap:e-leaves ;  bl  flower ;  h  bmcts.  B  Rhisome, 
with  limited  growth,  of  Polygonatvm  offieinaU  (Solomon's  Seal)  j  I  scar  of  kat  year's 
herbaceous  aerial  shoot;  II  aerial  uhoot  of  this  year,  which  U  the  anterior  portion  of  the 
shoot  2;  III  bud  of  next  year's  herbaceous  aerial  shoot,  which  is  the  continuation  of 
the  shoot  3;  n  scaly  leaves;  b  and  6'  leaves  from  the  axils  of  which  the  shoots  2  and  3 
have  arisen ;  to  r  jots. 

men  a  shoot  grows  horizontally  beneath  the  soil,  it  is  termed  a  Rhizome. 
It  is  characteristic  of  those  plants  the  subterranean  parts  of  which  alone  are 
persistent.  The  growth  in  length  of  the  rhizome  is  sometimes  unlimited, 
sometimes  limited.  When  the  f«.rmer  is  the  case,  it  continues  to  elongate 
at  its  apex  and  bears^  either  only  foliage-leaves  (I'.g.  Pteris  aquilina) ;  or 
foliage-leaves  and  sesles  in  regular  alternation  (Fig.  23  A,  /,  n),  in  the  axils 
of  which  annual  shoots  arise ;  or  only  scales  in  the  axUs  of  which  annual  shoota 
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bearing  foliage-leaves  and  flowers  arise,  as  in  Herb  Paris.  More  commonly  the 
growth  in  length  U  limited,  in  which  case  the  apex  grows  out  into  an  aerial 
annual  shoot,  whilst  from  the  axil  of  a  leaf  at  its  base  one  or  more  subterranean 
shoots  are  produced  which  carry  on  by  innovation  the  elongation  of  the  rhizome. 
If  the  older  portions  of  the  rhizome  persist  for  a  long  time,  the  basal  portions 
of  the  annual  shoots  together  form  a  sympodium  (Fig  23  B) ;  if,  however,  they 
soon  perish,  then  each  annnal  shoot  oppears  to  constitute  a  distinct  individual 
{e.g.  Banuneulus  acri$^  Neottia).  It  is  by  the  simultaneous  formation  of  a  number 
of  short  innovation-shoots  that  the  tufts  of  Orasses  and  Sedges  are  produced. 
The  innovation-shoots  commonly  develope  roots  of  their  own,  but  they  mry 
remain  con- 
nected with  the 
main  root  of 
the  plant  as  in 
Anemotu  Puha- 
iiUa. 

In  rare  cases 
(  Ha  pi  omit  riuiii 
Jlookeri  and 
some  other  foli- 
ofio  Hepatics ; 
Psilotum  among 
Vasealar  Cryp- 
togams), the 
fnnctions  of 
roots  are  per- 
foi-med  by  sub- 
terrancau 
sboots ;  these 
shoots  are  more 
slender  than 
the  Bobaerial 
shoots,  and 
bear  the  merest 
rudiments  of 
leaves. 

Shoots  which 
are  unable  to 
grow  erect  by 
themselves  ob- 
tain, in  some 
cases,  the  ad- 
vantages of  that  position  by  climbing.  The  structure  of  the  shoot  may  be 
modified  so  as  to  subserve  ch'mbing.  Branches  are  in  some  cases  (Uncaria) 
developed  in  the  form  of  hooks,  and  may  or  may  not  bear  leaves ;  these  hooks 
serve  to  attach  the  plant  to  others.  In  other  cases,  branches  bearing  small  scaly 
leaves  are  developed  into  tendrilsy  which  twine  round  supports.  In  other  cases 
the  whole  shoot  twines  round  a  support  (Fig  24  A  B), 


Fig  2i.—A  Part  of  the  shoot  of  the  Tine  (|  rat.  8!se)  with  two  ten. 
drils  rr  ;  the  upper  one  bearH  feinall  letives  h  and  branches ;  the  lower 
one  has  become  attached  to  a  support  c  and  haarollei  up  spirally;  bb 
petioles;  in  this  case  the  tendrils  are  blanches  which  are  pecu. 
liar  in  that  they  are  opposite  to  the  leavet*.  B  Twining  shoot  of 
IpoDQoea  «,  with  leaves  b  and  a  bud  2: ;  a; a  is  the  support. 
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firanobefl  are  sometimes  developed  as  thorns  (Fig  25).  Thorns  are  bard, 
pointed  straotures ;  they  sometimes  form  the  extremity  of  an  ordinary  shoot, 
as  in  Rhamntu  eathartica  ;  or  they  are  dwarf -shoots,  as  in  Cratagu*  eoccinea ; 
they  may  bear  branches  which  spring  from  the  axils  of  scaly  leaves,  as  in 
Gleditschia  and  the  Sloe  (Fig.  25). 

The  morphology  of  the  constifcnent  members  of  the  leafy  sboot, 
namely  the  stem  and  the  leaf,  will  now  be  considered. 

§  11.  The  Stem.  The  stem  of  an  annual  plant  or  of  an  annual 
sboot  is  succulent  in  texture,  and  is  said  to  be  herbaceous. 

A  primary  stem  which  persists  for  several  years,  though  it  is 
herbaceous  at  first,  becomes  hard  and  woody  in  textura,  and  is 
termed  a  trunk. 

The  stem  is  commonly  branehed  ;  but  it  may  be  unbranched,  as 
in  Tree-Fems,  Cycads,  many  Palms  and  Grasses. 

The  form  of  the  stem  varies  srery  widely.  It  may  be  short  and 
much  thickened,  as  in  the  bulb,  corm  and  tuber,  mentioned 
above  (p.  40)  and  in  some  Cacti ;  or  a 
portion  jai  it  may  be  much  thickened 
into  a  tuber,  as  in  certain  epiphytic 
Orchids^  where  one  or  more  of  the  basal 
intemodes  form  a  pseudo-bulb;  and  in 
Vitis  gongylodes,  where  any  intemode 
may  become  tuberous. 

The  form  of  itbe  elongated  stem  is 
Pr«";;::^r.°'b™„cri  ^ommomycyHndrical  or  prismatic.  The 
i«ar-8c>r.  fromtheRxiiorwhtob  prismatio  form  is,  in  some  cases,  de- 
th.  thorn,  branch.. ^ring.,      ^^^^^^^    j^y    the   arrangement  of  the 

on  the  thorn  are  //  leaf-soars;  •'  ^, 

in  the  axil  of  the  appor  one  is  leaves;  tbus,  stems  bearing  decussate 
the  branch  t,  in  that  of  the     jeaves  (see  Fig.  11,  p.  24),  ^.hat  is,  leaves 

lower,  the  bud  k.  i    .      -  t         •   i  • 

arranged  m  ioxur  orthostichies,  the  stem 

is  quadrangular.  When  the  stem  has  an  angular  form,  the  edges 
frequently  grow  out  into  a  leafy  expansion  :  such  a  stem  is  said 
to  be  winged.  In  some  cases,  as  in  Grasses,  Bamboos,  Pinks,  etc., 
the  stem  presents  a  jointed  appearance  at  the  nodes  ;  a  stem  with 
this  peculiarity  is  termed  a  culm  or  haulm. 

When  the  development  of  the  foliage-leaves  of  a  shoot  is  de- 
generate, the  stem  performs  the  functions  of  the  leaves  :  it  is  then 
of  a  green  colour,  and  generally  assumes  such  a  form  as  to  have 
a  relatively  large  surface.  Thus,  the  whole  stem  and  its  branches 
may  become  flattened,  as  in  Opuntia  (Cactaceae)  and  in  Oenisla 
tagittalis  (Papilioneae)  :  or  certain  branches  only,  termed  phylh^ 
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clades^  are  flattened  and  leaf-like  as  in  Rnsciis  (Liliaceie),  Phyllan- 
thns  (EuphorbiaceaB),  Miihlenbeckia  (PolygonaceaB),  Carmichaelia 
(Papilionacete),  Phyllocladus  (Conifera)),  and  are  either  isobi- 
laterallj  or  dorsiventrally  symmetrical.  The  phylloclades  fre- 
quently bear  flowers  but  not  always  in  the  same  position.  Thus, 
in  Ituscus  androgynus  the  flowers  are  borne  on  the  margin  of  the 
phylloclade;  in  Ituscus  aculeatus  and  B.  Hypoglossum,  they  are 
borne  on  the  upper  surface  of  the  phylloclade;  and  in  JK. 
Hypophyllum,  on  the  under  surface. 

Leaf-like  branches  are  also  foi*med  in  Asparagns  ;  they  are  not 
flattened,  bat  are  small  and  acicular  ;  something  of  the  same  kind 
also  occurs  in  Equisetam. 

§  12.  The  Leaf.  All  leaves,  except  the  seed-leaves  or  coty- 
ledonsj  are  developed  exogenoasly  as  lateral  outgrowths  upon  the 
growing-point  of   a   stem  :    they  are  * 

developed,  as  a  rule,  in  progressive 
(acropetal  or  basipetal)  succession, 
though  irregularity  in  this  respect 
sometimes  occurs  in  the  case  of  floral 


The  leaf  is  developed  either  from 
the  super Scial  layer  of  cells  only,  or 
from  this  and  other  deeper  layers, 
and  soon  appeal's  as  a  lateral  pro- 
tabei*ance  on  the  growing-point.     At 

this  stage  it  is  undifferentiated,  and  Fio.  26— PbyiiocUde  of  Ru»em 
may  be  termed  prirncyrdial     In  some      ^yP<^9iou'.^    ine^^y  nat   ««e): 

^  ^     ^  •  stem ;  h  leaf,  m  the  axil  of  which 

plants    with  very    simple    leaves    (e.g.       the  phyUoolade  p  is  developed ;  d 

Chara)  the  developing  leaf  undergoes      ^^^  ^^  ***•  phylloclade   bearing 

'^ ,  ,  1  -,  .  .  flowers  bl  in  its  axiL 

no  further  change  beyond  increase  in 

size;  but  in  most  plants  the  leaf  undergoes  differentiation  or 
segmentation  along  its  lougitudinal  axis  or  phyllopodium.  In  the 
most  complete  case,  the  phyllopodium  is  differentiated  into  three 
regions:  a  basal  portion,  the  leaf-base  or  hypopodium;  an  apical 
portion,  the  epipodium;  and  an  intermediate  portion,  the  ?wc«o- 
podinm,  leaf -stalk,  or  petiole^  but  the  last-named  portion  is  fre- 
quently absent.  Most  commonly  the  leaf  assumes  a  flattened  form 
in  consequence  of  the  development  of  a  relatively  thin  mem- 
branous wing  aloDg  one  or  other  of  these  regions  in  the  lateral 
plane:  the  epipodium  is  typically  winged,  and  then  constitutes 
what  is  known  as  the  blade  or  lamina  of  the  leaf ;  the  mesopodiura 
is  rarely  winged,  the  hypopodium  more  frequently  so. 
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The  growth  in  length  of  the  primordial  leaf  is  at  first  apical  in 
all  cases ;  it  may  be  persistently  apical  {e.g.  Ferns,  generally) ; 
or  apical  growth  may  be  early  arrested,  farther  elongation  being 
effected  by  basal  growth  {e.g.  Iris,  Onion,  Mynophyllnm,  Potentilla 
anserina) ;  or,  more  rarely,  basal  and  apical  (e.g.  Achillea  Mille- 
folium, and  other  Compositse)  growth  may  occnr  simultaneously. 

A  characteristic  feature  of  leaves  is  that  their  growth  in  length 
is  limited ;  but  this  is  not  without  exception ;  in  fact,  there  are 
Jill  intermediate  forms  between  those  which  have  limited  and  those 
which  have  unlimited  growth.  Thus,  in  most  Phanerogams  the 
leaves  have  limited  growth;  the  cells  of  the  leaf  are  all  actually 
formed  at  the  time  of  its  unfolding,  and  all  that  takes  place  sub- 
sequently is  that  the  cells  grow  to  their  definitive  size.  In  a  few 
of  these  plants,  however,  (e.g.  Guarea  and 
other  Meliacese)  the  pinnate  leaves  have  an 
apical  growing-point  by  which  new  cells  are 
formed,  and  the  growth  in  length  of  the  leaf 
and  the  development  of  lateral  branches  is 
carried  on  after  the  leaf  has  unfolded.  Long- 
continued  apical  growth  appears  to  be  the 
general  rule  in  Ferns  :  in  Ftei-is  aquilina  and 
in  Aspidium  Filix  Mas  the  leaf  grows  for 
three  years;  and  in  Gleichenia,  Lygodium, 
many  Hymen ophyllacesB,  and  Nephrolepis,  the 
leaf  grows  for  many  years  after  its  appear- 
ance above  the  soil.  The  most  striking  ex- 
ample of  long-continued  basal  growth  is  that 
of  the  two  leaves  of  Welwitschia  which  persist 
and  grow  basally  as  long  as  the  plant  lives, 
and  consequently  attain  a  great  length. 
The  leaves  are  inserted  upon  the  nodes  (p.  21)  of  the  stem,  the 
plane  of  insertion  being  usually  transverse  to  the  longitudinal 
axis  of  the  parent  stem ;  but  in  some  Bryophyta  (Blasia,  Schisto- 
stega)  the  plane  of  insertion  is  parallel  to  the  longitudinal  axis  of 
the  stem. 

The  Ilypopodinm  or  Leaf-Base.  The  leaf-base  commonly  de- 
velopes  into  a  cushion  of  tissue,  termed  the  puhnnus^  which  forms 
the  articulation  by  which  the  leaf  is  attached  to  the  stem  ;  in  the 
Gooseberry  the  pulvinus  developes  into  a  spine.  In  many  cases 
the  leaf- base  is  sheathing,  and  embraces  a  part  or  the  whole  of  the 
circumference  of  the  node  ;  in  the  former  case  the  leaf  is  said  to 


Fig.  27.— Leaf  of  Bo- 
nunculiuFtcarta:  Dleaf< 
base  (hypopodium) ;  p 
petiole  (mesopodium) 
I  Uunloo  (opipodium). 
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be    semi-amplexicaul ;    in    the   latter,    amplexicatd    {e.g.    Grasses, 
Onion,  Foors  Parsley). 

The  leaf -base  sometimes  produces  a  pair  of  opposite  lateral 
branches  which  are  termed  stipules ;  when  they  are  present  the 
leaf  is  said  to  be  stipulate^  and  when  they  are  absent,  as  is  more 
commonly  the  case,  the  leaf  is  said  to  be  exstipulate.  The  stipules 
are  commonly  winged  appendages,  similar  in  colour  and  texture  to 
the  lamina,  and  they  are  then  said  to  be  leafy  (Fig.  28  7i,  C),  as  in 
the  Willow,  the  Violet,  and  the  Rubiacece  where  they  vary  in  num- 
ber, and  they  are  especially  lar^e  in  plants,  like  the  Pea,  where  the 
lamina  is  relatively   small ;  in  other  plants,  on  the  contrary,  they 


Fig.  iB.—A  Part  of  a  sessfle  leaf  of  Grass  {Poa  trioiixUt)  with  the  ligulo  t ;  a  the  hanim  ; 
V  the  sheathiog  leaf-base ;  I  lamina  of  the  loaf.  B  Leaf  of  a  Willovr  {SaXia  Caprea)  ;  a 
stem ;  <  •  stipules ;  p  petiole;  /  lamiua  ;*  h  axillary  ba  1  (nat.  sine).  C  Leaf  of  a  Pea  (Piimm 
arv«n§») ;  a  stem  ;  •  •  stipules  ;  r  mesopodiam  or  petiole ;  //leafets  ;  r/r/  the  upper  lenf- 
Idt«  metamorphosed  into  tendrils;  r*  end  of  the  epipodium  l.kewise  transformed  into  a 
tendril. 

are  small  brownish  scales,  which  fall  off  soon  after  the  leaf  is  un- 
folded, as  in  the  Beech,  the  Elm,  and  the  Lime.  Sometimes  the 
stipules  appear  as  teeth  on  the  upper  margin  of  the  sheathing  leaf- 
base,  as  in  the  Rose.  Occasionally  the  two  stipules  are  connate, 
that  is,  they  are  more  or  less  united  ;  when  they  cohere  by  their 
outer  margins  they  form  a  single  opposite  stipule,  opposite,  that 
is,  to  the  leaf  to  which  they  belong,  as  in  Astragalus  ;  when  they 
cohere  by  their  inner  margins  they  form  an  axillary  stipule,  that  is, 
a  stipule  in  the  axil  of  the  leaf  to  which  they  belong,  as  in  Meli- 
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an  thus  and  Houttynla  cm-data  ;  in  the  PolygonacesB  they  cohere  by 
both  their  inner  and  outer  margins,  thus  forming  a  tube,  termed 
an  ocrea,  which  surrounds  the  internode  above  the  insertion  of  the 
leaf  ;  when  the  stipules  of  opposite  leaves  cohere  they  form  on  each 
side  an  interpetiolar  stipule,  as  frequently  in  the  Rabiaceee  and  in 
the  Hop ;  this  may  also  take  place  when  there  are  several  leaves 
in  a  whorl,  as  in  the  epicalyx  of  certain  Rosaceae. 

In  some  cases  {e.g.  Smilax)  the  stipules  seem  to  develope  in  the 
form  of  tendrils,  and  in  other  cases  (e.g,  Robinia)  as  spines. 

Stipules  are  comparatively  comragn  in  Dicotyledons;  they  ai*e 
absent  in  the  ConiferaB ;  absent  in  Monocotyledons,  except  perhaps 
NaiadaceaB  and  Smilax ;  absent  in  most  Pteridophyta,  except  the 
Marattiaceae  among  Ferns.      In  Tropmolum  majus   only  the  two 

leaves  which 
succeed  the 
cotyledons 
have  stipules. 
The  leaflets 
of  a  compound 
leaf  sometimes 
have  stipules 
at  their  bases, 
as  in  Phaseo- 
lus,  which  are 
distinguished 
as  stipels. 

In  a  leaf 
without  a  pe- 
tiole  it  some- 
times happens 

that  the  leaf-base  is  winged  in  continuity  with  the  lamina ;  the  re- 
sult is  that  the  wings  extend  round  the  stem,  either  incompletely 
(Fig.  29  A)  when  the  leaf  is  said  to  be  auriculate ;  or  completely 
(B)  when  it  is  said  to  be  perfoliate  ;  when  this  occurs  in  two 
opppsite  leaves,  the  leaves  become  connate  (C;  see  p.  37). 

There  i^,  in  some  cases,  a  delicate  membranons  ventral  outgrowth  on  the  leaf 
at  the  junction  of  epipodinm  and  hypopodinm,  termed  the  ligule  ;  it  occurs  iu 
Grasses  (Fig.  28  A),  in  Selaginella  and  Isoetes,  and  in  the  perianth-leaves  of 
some  flowers  (Narcissus,  Lychnis). 

The  Mesopodium  or  Petiole  is  commonly,  but  not  i^Tways,  present. 


Fi6.  29.— The  insertion  of  seAsile  leaves.  A  Aaricalate  leaf  of 
ThXatpi  fierfoliatum.  B  perfoliate  leaf  of  BupUwrum  rotttndvA>littm, 
C  connate  leaves  of  Loniwra  Capryfoliuin. 
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When  it  is  present  the  leaf  is  said  to  petiolate ;  when  it  is  absent, 
sessile.  It  is  developed  by  intercalary  growth  in  a  portion  of 
the  primoi-dial  leaf  lying  between  the  hypopodinm  on  the  one 
side  and  the  epipodinm  on  the  other.  The  most  common  form  of 
the  petiole  is  somewhat  cylindrical ;  though,  where  the  dorsiven- 
trality  of  the  leaf  is  well-marked,  it  is  convex  on  the  lower 
(dorsal)  surface,  and  Battened  or  grooved  on  the  upper  (ventral) 
surface.     In  the  Aspen  (Fopuliis  tremula)  it  is  flattened  laterally. 

Occasionally  {e,g.  Orange,  Fig.  32  Q;  Nepenthes,  Pig.  37; 
Dionaea)  the  petiole  is  winged. 

In  some  cases  {e,g.  Australian  Acacias)  the  petiole  has  somewhat 
the  form  of  a  lamina.  Its  flattened  surfaces  are  directed  laterally, 
the  edges  upwards  and  downwards,  so  that  the  symmetry  is  isobi- 
lateral.  A  petiole  of  this  form  is  termed  a  phyllode.  In  such  cases, 
the  lamina,  originally  present,  soon  falls  off. 

The  Epijpodium  may  be  either  winged  or  unwinged.  The  winged 
epipodinm  constitutes  the  lamina  or  blade  of  the  leaf,  and  is 
typically  flattened  and  expanded  in  form  and  dorsiventral  in 
symmetry :  but  this  is  not  always  the  case,  for  in  some  plants  it 
assumes  the  form  of  a  sac  or  pitcher  (e.g.  Utricularia,  Nepenthes, 
etc.),  and  in  others  the  symmetry  is  isobilateral  {e.g.  adult  leaves 
of  Eucalyptus  Globulus), 

The  form  of  the  unwinged  epipodinm  presents  great  variety ; 
thus,  in  Laihyrus  Aphaca  the  epipodinm  branches  into  leaf- tendrils, 
and  this  is  partially  the  case  also  in  the  Sweet  Pea  (Fig.  28  C)  ; 
it  is  filamentous  in  Chara  and  some  other  AlgaB ;  cylindrical  or 
prismatic,  as  in  Onion,  Sedum,  Mesembryanthemum,  Aloe;  acicular 
as  in  Finns ;  narrow,  and  flattened  antero-posteriorly  (ensiform) 
so  that  the  margins  correspond  to  the  dorsal  and  ventral  surfaces 
of  a  dorsiventral  leaf,  with  isobilateral  symmetry,  as  in  Iris  and 
Gladiolus. 

The  flattened  dorsiventral  lamipa  is  normally  so  placed  with 
regard  to  the  parent  stem  that  a  plane,  which  includes  the  longi- 
tudinal axes  of  both  the  stem  and  the  leaf,  cuts  the  lamina  into 
two  lateral  halves ;  in  other  words,  it  is  so  placed  that  its  upper 
(ventral)  surface  faces  the  apex  of  the  stem,  and  its  lower  (dorsal) 
surface  is  directed  away  from  it.  As  a  rule,  the  two  lateral  halves 
of  the  lamina  are  symmetrical ;  but  in  some  cases  (e.g.  Elm, 
Begonia)  they  are  unsymmctrical,  when  the  lamina  is  said  to  be 
oblique. 

The  ultimate   form   of  the   lamina  mainly  depends  upon  the 

V.  8.  B.  E 
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dep^ree  of  elongation  of  the  epipodium.  When  the  epipodium 
elongates  considerably,  the  lamina  has  a  well-marked  primary 
axis  from  which  more  or  less  numerons  secondary  axes  of  growth 
successively  spring,  and  these  in  turn  bear  lateral  axes  of  a  higher 
order :  the  resalting  lamina  is  then  of  the  pinnate  type  (Fig.  30 
A).  When,  however,  the  epipodium  remains  short,  it  constitutes 
merely  an  intercalary  growing-point  from  which  a  number  of 
equal  secondary  axes  spring,  and  the  resulting  lamina  is  of  the 
palmate  type  (Fig.  SOB). 

The  development  of  the  peltate  lamina,  closely  connected  with 
that  of  the  palmate  type,  is  effected  by  a  peculiar  form  of  basipetal 


Fio.  90. — A  Pinnate  leaf  of  the  Beecb,  FagM9  tylvalica ;  m  raid-rib,  n  lateral  rib*.  B  Pa4- 
mate  leaf  of  AlchemUla  vulgnri$  (nat.  size).  C  Pedate  leaf  of  the  Plane  (i  nat.  aise).  1,  2, 
X,  are  the  ribs  or  axes  of  the  Ist,  2nd,  and  3rd  order. 

growth.  In  peltate  foliage-leaves  (e.gr.,  Tropaeolum,  Nelumbium, 
Hydrocotyle,  Cotyledon,  Lupinus,  etc.)  the  petiole  is  inserted  in 
the  middle  of  the  under  surface  of  the  lamina,  so  that  the  long 
axis  of  the  former  is  perpendicular  to  the  plane  of  expansion  of 
the  latter.  At  first  the  development  is  that  of  a  palmate  leaf, 
the  petiole  being  inserted  at  the  base  of  the  lamina,  and  at  the 
point  of  insertion  there  is  an  intercalary  growing- point  from  which 
spring  several  axes  (Fig.  31  B,  1.2.1)  in  basipetal  succession.  But 
in  this  case  the  last-formed  axes  (4-4.  b-b.  in  the  figure)  grow  out 
in  front  of  the  petiole,  with  the  result  that  the  whole  lamina 
flrradually  comes  to  lie  perpendicularly  to  the  petiole. 
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The  main  axes  of  growth  frequently  grow  thicker  than  the 
rest  of  the  lamina,  so  that  thej  project  as  ribs  on  the  under 
snrface.  The  thickened  primary  axis  (epipodium)  of  a  pinnate 
lamina  is  termed  a  mid-rib. 

The  Branching  of  the  Leaf  is  commonly  confined  to  the  epipo- 
dium, and  then  it  takes  place  in  the  lateral  plane ;  less  commonly 
it  occurs  in  the  mesopodium  {e.g,  species  of  Ophioglossum,  Bo- 
trychium,  Marsilea),  and  then  (as  in  these  plants),  the  branching 
frequently  takes  place  in  the  an tero- posterior  (or  dorsi ventral) 
plane.  As  a  rule  the  primordial  leaf  is  unsegmented,  though  in  the 
folio8e  Jnngermanniaceee  it  consists  of  two  segments  from  the  first. 

The  branching  of  the  epipodium  is,  like  that  of  a  stem  or 
a  root,  either  dichotomous 
or  lateral,  and  essentially 
the  same  forms  of  branch- 
systems  are  produced.  Di- 
chotomous branching  is  com- 
paratively rare  :  it  has  been 
observed  in  the  Hymeno- 
pbyllacese,  the  branches 
either  remaining  distinct  or 
forming  sympodia.  The  two 
first  leaflets  of  Marsilea  are 
said  to  be  formed  by  dicho- 
tomy. Lateral  branching  is 
the  more  common  form,  and 
the  resulting  branch-systems 
are  typically  monopodial. 
But  in  some  cases  {e.g.  leaf 

of  Plane,  Fig.  30(7;   of  Helle-  p,o.  31. -Development  of  peltate   leaf  of 

borus,  and  of  some  Aroids)  Hydrocotyle:  a  full-grown  (nat.  aizc);  B  very 
.n  .  .1  young;    C   somewhat  older    (B  and   Cx60); 

there  is  apparently  Cymose  g  p^^j^le ;  1-6  primary  axee  of  growth  in  young 
branching  with  formation  of  leaves,  ribs  in  adult  leaf;  a  secondary  axes  of 
a  sym podium.  ^^^ 

The  ribs  of  the  lamina  represent  distinct  axes  of  growth  ;  they 
are,  in  fact,  branches  of  the  epipodiam.  The  degree  of  seg- 
mentation of  the  lamina  depends  upon  the  relation  between  the 
growth  of  the  various  main  axes  and  the  marginal  growth  of 
their  respective  wings  (see  Figs.  30  and  31).  When  these  keep 
pace  with  each  other  the  lamina  is  altogether  unsegmented, 
that  is,  its   margin  is  entire;    when  the  growth  of  the  axes  is 
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rather  more  vigorous  than  that  of  the  correspoDding  wings,  the 
margin  becomes  somewhat  uneven  {dentate,  serrate) ;  when  the 
difference  between  them  is  considerable,  the  lamina  is  lohed ;  and 
when  still  greater,  it  consists  of  a  number  of  distinct  segments, 
leaflets,  connected  only  by  their  common  attachment  to  the  mid- 
rib, in  the  case  of  pinnate  leaves,  or  to  the  petiole  in  the  case  of 
palmate  or  peltate  leaves.  Whilst  inequalties  of  the  margin  are 
indications  of  branching,  the  lamina  is  regarded  as  simple  so  long 
as  the  segmentation  is  incomplete;  it  is  only  when  the  segmenta- 
tion is  complete,  as  in  the  last-mentioned  ease,  that  the  leaf  is 
said  to  be  compound. 

The  following  examples  will  serve  to  illustrate  the  foregoing  principles.  The 
simple  leaf  of  the  Beech  (Fig.  80)  has  an  entire  pinnate  lamina;  the  leaf  of  the 
Shepherd's  Purse  (Capsella  Bursa-Pasturit,  Fig.  32  C)  is  simple,  but  the  lamina 
is  deeply  pinnately  lobed.  Various  forms  of  compound  pinnate  leaves  are 
represented  by  Fig.  28  C,  and  by  Fig.  32  B,  D,  £,  F,  H,  where  the  distinct 
segments  or  leaflets,  termed  pinnae  are  inserted  on  the  common  primary  axis 
(phyllopodium).  In  H  each  pinna  is  itself  compound,  being  segmented  into 
pinnules  which  bear  the  same  relation  to  the  secondary  axis  of  each  pinna  as 
that  secondary  axis  does  to  the  primary  axis  of  the  whole  leaf ;  such  a  leaf  is 
said  to  be  bipiunate,  and  when  the  segmentation  is  carried  further  the  leaf 
becomes  tripinnaU,  etc. 

In  compound  pinnate  leaves,  the  leaflets  are  commonly  opposite  to  each 
other.  When  only  one  pair  of  leaflets  is  present,  the  leaf  is  said  to  be  untju- 
gate ;  when  two  pairs,  hijugaU ;  when  many  pairs,  multijugate.  When  the 
axis  (whether  primary  or  secondary)  is  terminated  by  a  leaflet,  the  leaf  is  said 
to  be  imparipinnate  (Fig.  32  D) ;  when  there  is  no  terminal  leaflet,  the  leaf  is 
paripinnate  (Fig.  82  B).  When,  as  in  the  Potato  and  Potentilla  aiiserina,  pairs 
of  small  leaflets  alternate  with  pairs  of  larger  ones,  the  compound  leaf  is  said 
to  be  inteiTuptidly  pinnate.  The  difference  in  size  of  the  leaflets  is  simply 
due  to  the  more  active  growth  of  the  larger  ones. 

The  order  of  development  of  the  leaflets  of  compound  pinnate 
leaves  depends  upon  the  position  of  the  growing-point  in  the 
longitudinal  axis  (see  p.  17).  When  it  is  apical,  the  leaflets  are 
developed  in  acropetal  succession  (e.g.  Pea,  Ailanthns,  etc.); 
when  it  is  basal,  in  basi petal  succession  {e.g.  Myriophyllum,  Poten- 
tilla anserina)  ;  when  there  is  both  an  apical  and  a  basal  growing- 
point,  in  divergent  succession,  that  is,  both  acropetally  and  basi- 
petally  {e.g.  Achillea  Millefolium,  etc.). 

With  regard  to  palmate  leaves.  Fig.  82  J,  is  an  example  of  a  deeply  lobed 
lamina;  and  B,  of  a  compound  palmate  leaf.  It  will  be  observed  that  in  the 
eomponnd  palmate  lamina  of  the  Clover  (Fig.  82,  D)  there  are  three  leaflets ; 
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saoh  a  leaf  is  said  to  be  temate.  This  segmentation  may  be  repeated  in  the 
leaflets,  when  the  leaf  is  said  to  be  hiUmaU,  triUmate,  etc.  On  comparing 
Fig.  32  B  and  F,  the  close  relation  between  pinnate  and  palmate  leaves  be- 
comes apparent.  A  temate  leaf  is  nsaaUy  considered  to  belong  to  the  palmate 
type,  bnt  it  might  almost  eqnally  well  be  regarded  as  an  imparipinnate  anija- 
gute  leaf. 


Fio.  32.— SegmentAtion  of  leaves,  p  Petiole ;  p*  petlolule ;  f  leaflet ;  r  phyllopoditim.  A 
Palnuutfid  or  palmately  lobed  leaf  of  Geraniam.  B  Ternate  (compound  palmate)  leaf  of 
Clorer.  C  PInnatieected  leaf  of  Shepherd's  Purse  (Capsella).  Compound  pinnate  leaves : 
D  Imparipinnate  leaf  of  HippocreptM  comosa ;  t  terminal  leaflet.  E  Paripinnate  leaf  of 
Putaeia  L^ntuciu;  a  wing  of  the  phyllopodium.  F  Imparipinnate  unijngate  leaf  of  Medi- 
cago.  This  differs  from  B,  which  is  temate,  inasmuch  as  the  secondary  leaf-stalks  p'  do 
Dot  all  spring  frozn  one  point,  but  the  common  leaf-stalk  p  extends  beyond  the  insertion 
of  the  single  pair  of  pinn» ;  •  projecting  rib,  or  macro.  Q  Leaf  of  the  Orange ;  the  articn- 
laUon  a  between  the  blade  and  the  winged  petiole  shows  that  it  is  really  a  oompoand  leaf 
with  a  single  terminal  leaflet.  S  Bipinnate  leaf  of  Acacia :  r"  secondary  axis ;  f"  eecondaiy 
piniHi  or  pinnules. 


Digitized  by 


Google 


54  PART   I. — THE   MORPHOLOGY   OF  PLANTS.  [§  12. 

Occasionally  the  margin  of  the  lamina  bears  outgrowths  which 
are  not  connected  with  branching,  bat  are  of  the  nature  of  emer- 
gences, as  in  Mnium  serratum^  the  Cherry  Lanrel,  Naias,  various 
Conifers,  etc. 

A  number  of  terms  are  used  in  Descriptive  Botany  for  the  purpose  of  precisely 
describing  the  yarioas  parts  of  plants.  The  more  important  of  these  terms,  and 
those  the  meaning  of  which  is  not  obvious,  will  now  be  defined. 

(1)  The  Outline  of  bilateral  bodies,  such  as  the  lamina  of  the  leaf,  bnt  of 
multilateral  bodies,  such  as  fruits,  as  well,  is  said  to  be  linear  when  the  two 
margins  run  nearly  parallel  to  each  other ;  e.g.  the  leaves  of  most  Grasses. 
If  the  margins  are  curved  and  intersect  at  each  end  at  an  angle,  the  outline 
is  said  to  be  lanceolate  or  elliptical,  accordingly  as  the  long  axis  is  many  times 
longer  than,  or  only  twice  as  long  as,  the  transverse  axis.  If  the  two  carved 
margins  round  off  at  each  end,  then  the  terms  oblong  and  oval  are  to  be  sub- 
stituted for  the  two  preceding. 

If  the  longest  transverse  diameter  lies  relatively  near  to  the  base,  then  the 
outline  is  said  to  be  ovate  ;  if  relatively  near  to  the  apex,  ohovate. 

(2)  The  Apex  may  be  either  acute  or  obtuse  ;  when  it  is  long  drawn  out  it  is 
said  to  be  a^iuminate  ;  when  there  is  a  sharp  projecting  point,  it  is  said  to  be 
mucronate  (Fig.  32  F) ;  truncate,  when  it  is,  as  it  were,  cut  short  across  (Fig. 
32  D) ;  emarginate,  when  there  is  a  depression  in  the  obtuse  apex ;  ohcordate^ 
when  the  apical  depression  is  deep. 

(3)  The  Base  may  be  described  by  many  of  the  preceding  terms,  but  the 
following  are  especially  applied  to  it :  it  is  cordate  when  it  is  deeply  indented 
in  the  median  line  ;  sagittate,  when  the  lobes  on  each  side  of  the  indentation  are 
angular  and  diverge  backwards ;  hastate,  when  the  lobes  diverge  outwards. 

(4)  Tlie  Margin  is  said  to  be  entire  when  it  does  not  present  any  depressions 
or  prominences  ;  when  the  prominences  are  slight  and  rounded,  the  margin  is 
said  to  be  crenate  ;  dentate  or  toothed,  when  the  prominences  are  pointed  and 
stand  straight  outwards;  serrate,  when  the  pointed  prominences  slant  for- 
ward. 

If  the  incisions  in  the  margin  are  deep,  the  part,  a  leaf-blade  for  instance, 
or  a  gamosepalous  calyx,  is  said  to  be  lobed  when  the  incisions  do  not  extend 
to  the  middle ;  if  they  extend  to  the  middle,  it  is  said  to  be  partite ;  and 
dissected  when  they  extend  nearly  to  the  base  (Fig.  32  C). 

The  segmentation  of  the  lamina  takes  place  in  some  Monocotyledons  (Palms) 
in  an  altogether  different  manner  from  that  described  above.  The  lamina  is 
at  first  entire,  but  it  becomes  divided  by  the  dying  away  of  strips  of  tissue  (see 
also  p.  22). 

The  Venation  of  the  Lamina.  The  mid-rib  and  other  ribs  of  the 
lamina  indicate  the  course  of  the  larger  vascular  bundles;  and 
from  thece,  numerous  branches  are  given  off  which  permeate  the 
tissue  of  the  lamina,  constituting  its  Venation.  When  the  leaf 
decays,  the  ribs  and  the  vascular  tissue  persist  longer  than  the 
soft  parts  as  a  skeleton  which  retains  the  general  form  of  the  lamina. 
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In  Apcnogeton  fenestraUs  most  of  tbe  softer  tissue  decays  whilst 
the  leaf  is  still  living,  so  that  the  lamina  consists  of  little  more 
than  the  vascalar  skeleton. 

The  main  features  of  the  venation 
are  determined  by  the  type  of  develop- 
ment of  the  lamina.  In  a  pinnate 
lamina,  the  venation  is  pinnate ;  in  a 
palmate  lamina,  palmate ;  in  a  pedate 
leaf,  pedate ;  in  a  dichotomonsly  branch- 
ing  lamina,  the  venation  is  also  dicho- 
tomons,  or  as  it  is  specially  termed, 
furcate.  But  there  is  considerable 
variety  in  the  distribution  of  the  smaller 
vascular  bundles :  thus  the  venation  of 
the  individual  segments  of  a  palmate  or 
a  pedate  leaf  is  frequently  pinnate. 


Fie.  33.— Leaf  of  a  young  Fern, 
with  free  pinnate  venation ;  m  the 
midrib ;  ••  the  large  lower  lateral 
Teins ;  n  the  weak  upper  lateral 
veins  ( x  3). 


Aecording  to  the  diBiribntion  of  the  veiDS 
and  their  branches,  the  following  varieties  of 

Tenation  may  be  distinguished ;  they  are,  however,  connected  by  intermediate 
forms. 

a.  The  venation  is  said  to  be  free  when  the  veins  end  free,  without  forming 
aaastomoaes,  at  the  margin  of  the  leaf ;  this  is  the 

case  in  the  leaves  cf  many  Ferns  (Fig.  33) ;  of  Ginkgo 
(Salisboria),  Araucaria  imhricata  and  others,  among 
ConifersB ;  of  most  Gycads ;  of  Water- Crowfoots,  etc. 

b.  The  venation  is  said  to  be  parallel,  when  na- 
merons  adjacent  veins  run  parallel  to  each  other 
towards  either  the  apex  (Fig.  34)  or  the  margin  of  the 
blade,  and  then  unite  by  curving  inwards  (Fig.  34  a). 
They  are  connected  in  their  course  by  short  veinlets 
(Fig.  34  V.)  which  run  usually  at  right  angles  to  them. 
This  form  of  venation  is  to  be  found  in  the  leaves  of 
most  Monocotyledons,  such  as  Grasses,  Lilies,  and 
Palms,  with  various  modifications.  For  example  in 
some  cases  (e.g.  Orchis  Morio)  many  veins  enter  the 
blade,  but  they  branch  scarcely  at  all ;  in  other  cases 
lateral  veins  spring  at  an  acute  angle  from  a  midrib 
which  is  prominent  at  the  base  at  least,  and  then 
run  towards  the  apex  {e.g.  Maize  and  other  Grasses, 
Dracaenas,  etc.) ;  in  others,  again,  the  lateral  veins 
spring  almost  perpendicularly  from  the  well-developed 
mid-rib,  and  run  out  to  the  margin  parallel  to  each 
other,  and  then  turn  towards  the  apex  of  the  leaf 
{e.g.  Canna,  Musa,  etc). 

c.  The  Tenation  is  said  to  be  retieulatet  when  the 


Pf «.  34.  —  Apex  of  a 
Grass-leaf  showing  paral- 
lel venation ;  m  middle 
vein;  a  anastomoeee ;  « 
veinlets  (x  4). 
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veins  branch  repeatedly  at  various  angles,  and  the  branches  for  the  most  part 
anastomose  (Fig.  35).  Some  of  thom,  however,  end  blindly  in  the  meshes  of 
the  network.  This  kind  of  venation  is  characteristic 
of  Dicotyledons;  but  it  also  occurs  in  some  Mono- 
cotyledons (e.g.t  Paris,  Dioscorea,  Smilaz.many  Araces) 
and  many  Ferns. 

The  Different  Forms  of  Leaves. — The  leaves 

of  different  plants,  as  might  be  expected,  are 

not  alike,  bat  difTer  more  or  less  widely  in 

size,  shape,  colour,  and  textnre.    But  even  the 

leaves  borne  on  one  and  the  same  plant  are 

not  all  alike,  the  reason  of  their  dissimilarity 

being  that,  as  there  are  different  functions  to 

be  performed,  the  leaves  are  variously  adapted 

in  form  and  stmcture  to  the  performance  of 

Pio  8«— PorUon  of      sp^cial    functions.      Further    than    this,   the 

a  leaf  of  Salic  eaprea     Same   leaf  may   present   different   successive 

with  reticui-to   vena.      ^^^       ^^  ^  difference  of  form  in  its  various 

tion :   m  mid-rib ;  n  the 

larger  lateral  ribs;  v  parts,  because  it  may  perform  different  fnnc- 
the  anastomosing  veins  ^j^^g  either  at  different  times,  or  simul- 
<nat.8ixe).  ,,.,.«. 

taneously  by  its  different  parts. 

1.  Foliage-leaves  are  usually  known  simply  as  leaves  (Fig.  36  L), 
They  are  conspicuous  on  account  of  their  green  colour,  and  in 
accordance  with  their  nutritive  function  (see  Part  IV.),  they  are 
expanded  as  much  as  possible  to  the  sun-light.  If  they  are  small 
they  arc  very  numerous  (Conifers),  and  the  larger  they  are  the  fewer 
they  are  (Sun-flower,  Paulownia).  They  nearly  always  possess  a 
well-developed  lamina,  which  presents  the  various  peculiarities  of 
conformation  previously  described. 

The  texture  of  the  leaf  is  dependent  upon  the  mode  and  dura- 
tion of  its  existence.  The  texture  of  most  leaves  may  be  described 
as  herbaceous.  Leaves  of  this  kind  last  usually  for  only  a  single 
season,  and  die  or  fall  off  in  the  autumn.  Leaves  of  firmer 
texture,  which  are  said  to  be  coi-iaceous^  survive  the  winter,  and 
cither  fall  off  when  the  new  leaves  are  developed  (the  Privet),  or 
continue  to  live  for  several  years  (Holly,  Box,  and  most  Conifers)  ; 
the  acicular  leaves  of  the  latter  may  persist  for  as  many  as  twelve 
years  (Silver  Fir).  Fleshy  or  succulent  leaves  occur  in  plants 
inhabiting  dry  regions  or  positions,  such  as  Aloe,  Sedum,  etc. 

It  is  worthy  of  note  that  foliage-leaves  of  different  form  some- 
times occur  on  the  same  shoot.     For  instance,  it  is  commonly  the 
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ca«e  that  the  first  leaves  of  young  plants  are  of  a  form  different 
from,  and  usually  simpler  than,  that  of  those  which  are  subse- 
quently produced,  and  exhibit  a  greater  resemblance  to  those  of 
allied  plants.  Thus,  Eucalyptus  Olobultu  has  at  first  oval  dorsi- 
ventral  leaves,  and  subsequently  elongated  isobilateral  leaves. 
Again,  the  primary  leaves 
or  cotyledons,  when  they 
develope  into  foliage 
leaves,  are  always  dif- 
fet-ent  in  form  from  the 
subsequently  developed 
foliage-leaves,  being  much 
simpler.  In  many  water- 
plants,  the  submerged 
leaves  are  different  from 
thosewhichfioatatthesur-  ^ 
face;  thus,  in  many  species 
of  Potamogeton,  the  sub- 
merged leaves  are  narrow 
and  ribbon-like,  whereas 
the  floating  leaves  are 
broadly  elliptical ;  in  many 
aquatic  species  of  Ranun- 
cuius,  the  former  are  finely 
divided,  whereas  the  latter 
have  a  circular  lamina. 
Again,  the  subuierged 
leaves  of  Salvinia  are  fila- 
mentous, whereas  the  float- 
ing leaves  are  flattened 
and  oval. 

The  simultaneous  occur- 
rence of  two  forms  of 
foliage-leaf  on  a  plant  is 
termed  heterophylly. 

In  certain  plants  the 
foliage- leaves  assume  re- 
markable forms  in  connection  with  their  adaptation  for  catching 
small  animals  or  for  collecting  water  (e.g.  Nepenthes,  Cephalotus, 
Sarracenia,  Utricularia,  Dischidia,  etc.).  In  these  the  lamina  is 
metamorphosed  into  a  pitcher  or  ascidium.     The  development  of 


Fxe.  Se.—Thrre  fonns  of  leaves  on  the  stem  of 
Maianthemutn  hifolium  (oat.  size) :  N  catapbjilarj 
region;  L  region  of  the  foliage-leaves ;  H  hypso- 
pbyDary  region;  d  the  bracts;  6  the  flowers  in 
their  axils,    vo  Roots. 
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the  pitcher  begins  in  very  mnch  the  same  way  as  that  of  the  lamina 
of  a  peltate  leaf ;  but  instead  of  remaining  flat,  it  becomes  tnbalar 
by  continued  basal  intercalary  growth  (see  p.  17).     The  leaf  may, 
as  in  Sarracenia   and    Darlingtonia,   be   sessile;    or    it    may   be 
petiolate,   as  in  Cephalotas  and  Nepenthes :  in  Nepenthes  (Fig*. 
87)  the  petiole  is  winged  for  some  distance  in  its  lower  portion. 
The  lid,  when  present,  is  a  development  of  the  apical,  or  sab-apical 
(Nepenthes),  portion  of  the  lamina;   at  its  6rst  development  it 
adheres  firmly  to  the  rim  of  the  ascidium,  from  which  it  eventually 
separates,  except  at  the  point  of  attachment ;  the  lid  is  bilobed. 
2.  Leaf-Tendnh  (see  p.  49)  are  leaves  or  parts  of  leaves  which 
have  a  somewhat  filamentous  form,  and 
which  possess  the  pi-operty  of  twisting^ 
spirally    round    foreign    bodies,    thus 
fixing  the   plant   (see   Part   IV.).     In 
species  of   Clematis,   TropaBolum,  etc., 
this  function  is  performed  by  the  pe- 
tiole of   the   foliage-leaf ;    but   in   the 
Vetches  and  Peas  there  is  a  division 
of  labour  of  this  kind,  that  the  anterior 
leaflets  of  the  pinnate  leaf  are  modified 
into  tendrils  (Fig.  28,   C7,  rf) ;    in  Lo- 
thyrus  Aphdca  all  the  leaflets  undergo 
this   metamorphosis,    and    the   special 
functions  of  the  foliage-leaves  are  dis- 
charged by  the  stipules.     The  tendrils 
of  the  Cucurbitaceaa  are  also  metamor- 

FiG.  S7.-Pltchored  leaf  of  Ne-       phosed  leaves, 
penthee.   o  Organiciipex  of  leaf ;  3    Leaf- Spines  are  leaves  or  parts  of 

b  leaf-base ;   p«t  petiole,  winged  .  I't*     -»»,'.     •, 

in  ita  basal  portion ;  a*  ai»cidium ,      l^aves  which  are  modihed  mto  pomted, 
I  its  lid;  /r  fringe  of  aacidium      hard,  woody  structures.     Spiny  teeth 
"^  are  often  present  on  foliage  leaves  (e.g. 

Holly,  Thistles) ;  in  species  of  Caragana  and  Astragalus  the  phyl- 
lopodium  of  the  pinnate  leaf  becomes  a  spine  after  the  falling-off 
of  the  green  leaflets  ;  finally,  the  entire  leaf  becomes  spiny  in 
Berberis  (Fig.  38). 

4.  Scales  or  cataphyllary  leaves  (Fig.  36  N).  These  are  usually 
of  a  yellow  or  brown  colour,  of  simple  structure,  without  project- 
ing veins,  and  are  attached  to  the  stem  by  a  bi-oad  base.  They 
may  be  regained  in  some  cases  as  leaf-bases,  the  laminsB  of  which 
have  not  developed ;  and  in  other  ca.ses,  as  entire  leaves  which 
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have  remained  in  a  rudimentary  condition.  They  always  occur 
on  snbterranean  stems  {e.g.  the  scales  of  the  Onion,  see  also  Figs. 
22  and  23  n),  and  sometimes  on  atrial  stems.  Many  plants  which 
are  not  green  (Orobanche,  Neottia)  produce  only  cataphyllary 
leaves  in  addition  to  the  floral  leaves.  The  most  common  form  in 
which  they  occur  upon  aerial  stems  is  that  of  scales  investing  the 
bads  of  trees.  In  this  case  they  are  the  lowest  leaf -structures 
borne  by  the  annual  shoot,  and  usually  fall  off  as  the  bud  developes. 
Some  few  indigenous  trees  have  naked  buds  without  scales,  as 
Viburnum  Lantana,  Comus  sanguineaj  Rkamnus  Frangula;  their 
buds  are  protected  by  a  dense  growth  of  hairs. 

The  following  varieties  of  bud-Boales  may  be 
distiDguifihed : — 

a.  Tbe  bud- scales  are  the  stipules  of  leaves 
whieh  develope  a  lamina ;  as  in  Alnas,  Lirioden- 
dron,  Marattiaces. 

6.  The  bud-scales  are  the  stipules  of  leaves 
which  develope  no  lamina:  Oak,  Beech. 

e.  The  bad-scales  are  leaf-bases,  tbe  lamina 
not  being  developed:  Maple,  Asb,  Horse-Cbestnat, 
Pntnut  PadiiB. 

d.  Tiie  bud-scales  are  laminsB  or  epipodia : 
Lilac,  Privet,  AbietineiB. 

In  tbe  last  ease  tbe  bad-scales  may  be  caused  to 
develope  into  foliage-leaves  by  catting  ofiE  tbe  top 
of  the  branch,  or  removing  its  leaves,  at  tbe  time 
when  the  bad- scales  are  developing. 

Cataphyllary     leaves     are     sometimes 
thickened  so    as  to  serve  as  depositories        rio.88.— Leaf-spinesof  R«r- 
fornntritive  substances,  as  in  the  bulbs      ^^ ;"i;«~>  »t  the  base  of  a 

'  shoot  of  one  year's  growth. 

of   the  Onion,  Lily,  etc.  a  Leaf-spine  with  broad  aur- 

5.  Bracts    and    Floral    Leaves    (Hypso.      face;  bwith  a. mailer  surface, 
_  _  \     ^-r  kkaxillary  buds  (nat.  size). 

phyUs  and  Sporophylls ;  Fig.  36  H).    These 

leaves  are  generally  peculiar  in  form,  texture,  and  colour ;  their 
morphology  is  discussed  in  connexion  vrith  that  of  the  reproduc- 
tive organs  in  §  16,  p.  76,  as  also  in  Part  III. 

Vernation  and  Prefoliation.  The  forms  of  young  leaves  and 
their  relative  position  in  the  bud,  that  is  their  vernation  and 
prefoliation  {cestivation  and  prefloration  of  floral  leaves),  require 
special  consideration. 

The  vernation  (or  astivatUm)  is  said  to  be  plane  when  tbe  leaf  is  not  folded 
at  ail ;  it  is  eondupUcate  when  the  two  halves  of  the  leaf  are  folded  inwards 
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face  to  face  on  the  midrib  as  on  a  hinge  (e.g,  the  Bean)  ;  it  is  plicate  when  the 
leaf  is  folded  in  nnmerous  longitudinal  or  obliqne  pleats  {e,g.  the  Beech) ;  it  is 
crumpled,  when  the  foldings  are  in  all  directions  {e.g,  the  petals  of  the  Poppy) ; 
it  is  involutCj  when  the  lateral  halves  are  rolled  inwards  towards  the  mid-rib 
on  the  ventral  surface  (e,g,  the  Violet) ;  it  is  revolute,  when  they  are  rolled 
inwards  towards  the  mid- rib  on  the  dorsal  surface  (e.g.  the  Dock) ;  it  is  convolute 
when  the  whole  leaf  is  rolled  np  from  one  lateral  margin  to  the  other,  so  as  to 
form  a  single  roll  (e.g.  Ganna) ;  or,  finally,  it  is  eircinate,  when  the  leaf  is  rolled 
longitudinally  on  itself  from  the  apex  downwards  (e,g.  Ferns). 

The  form  of  vernation  of  the  individnal  leaf  is  determined  bj 
the  relative  activity  of  growth  in  its  different  parts.  For  instance, 
the  conduplicate,  involute,  convolute,  and  circinate  forms  are  all 
due  to  the  fact  that  the  leaves  which  present  them  are  hyponastxc, 
that  is,  that  the  dorsal  sui'face  grows  more  i*apidly  at  first  than 
the  ventral ;  and  this  may  be  either  in  the  transverse  plane,  when 
the  infolding  is  lateral  or  transverse  (conduplicate,  involute,  con- 
volute) ;  or  in  the  longitudinal  plane,  when  the  infolding  is  longi- 
tudinal (circinate).  Re  volute  vernation  is,  on  the  contrary,  due 
to  the  fact  that  the  leaf  is  transversely  epinastiCy  that  is,  that  the 
ventral  surface  grows  more  rapidly  at  first  in  the  transverse  plane 
than  does  the  dorsal.  The  expansion  of  the  leaf,  in  either  case,  is 
due  to  a  reversal  of  the  activity  of  growth ;  that  is,  the  surface 
which  grew  the  less  actively  in  the  early  stage  of  development, 
grows  the  more  actively  in  the  later  stage  (see  also  page  742, 
Epinasty  and  Hyponastij), 

The  prefoliation  (or  prejloratioii)  is  said  to  be  valvate  when  adjacent  leaves  in 
the  bud  merely  touch  by  their  margins ;  when  some  are  overlapped  by  others  it 
is  imbricate ;  an  intermediate  form  is  that  in  which  one  margin  of  each  leaf 
is  directed  obliquely  inwards,  and  the  other  obliquely  outward  overlapping  the 
inner  margin  of  the  next  leaf,  and  is  termed  contorted  or  twisted  (e.g.  petals  of 
the  Periwinkle). 

Valvate  prefoliation  is  only  possible  in  the  case  of  whorled  leaves,  whereas 
imbricate  prefoliation  is  characteristic  of  spirally  arranged  leaves.  A  common 
form  of  imbricate  prefoliation  or  prefloration  is  the  quincuncial,  which  occurs  in 
the  many  dicotyledonous  flowers  which  have  a  |  calyx  ;  the  five  imbricate  sepals 
are  so  arranged  that  two  are  wholly  internal,  two  wholly  external,  and  one  partly 
internal  and  partly  external,  connecting  the  outer  two  with  the  inner  two  (see 
p.  496,  Phyllotaxy  of  tne  Flower),  Where  the  phyllotaxy  is  distichous  (i), 
the  vernation  of  the  leaves  is  generally  conduplicate,  and  the  margins  of  each 
older  leaf  overlap  those  of  the  neit  younger  leaf,  giving  rise  to  a  form  of 
imbricate  prefoliation  distinguished  as  eq^iitant  (e.g.  Iris) ;  in  some  cases  the 
overlapping  is  by  one  margin  only,  in  which  case  the  prefoliation  is  said  to  be 
iemi'fquitant- 
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§  13.  The  Root.  It  mnst  be  clearly  apprehended  that  a 
sabterranean  member  is  not  necessarily  a  root ;  nor  can  a  member 
be  termed  a  root  because  it  is  found  to  absorb  water  and  salts  in 
solation,  for  in  rootless  plants  this  function  may  be  discharged  by 
shoots,  or  leaves,  or  hairs  ;  nor  can  a  member  be  termed  a  root 
becanse  it  serves  as  an  organ  of  attachment  to  the  sabstratom,  for 
sacb  organs  may  be  emergences  (see  p.  66)  ;  only  such  members 
can  be  regarded  as  roots  which  bear  neither  leaves  nor  true 
reproductive  organs. 

It  is  not  always  easy  to  distlDgaish  at  once  between  root  and  other  members. 
Thns,  in  some  of  the  lower  simpler  forms  of  plants  (e.g.  Alg8B,  gametopbyets 
of  some  Vascular  Cryptogams)  it  is  difficult  to  distinguish  bet  wee  a  roots  and 
root-hairs,  for  they  are  identical  in  structure,  and  in  neither  case  do  they  bear 
leaves  or  reproductive  organs,  But  a  study  of  their  development  affords  the 
distinction.  For  example,  the  first  stage  in  the  development  of  the  gameto- 
pbyte  of  Equisetum,  and  some  other  Vascular  Cryptogams,  consists  in  the 
division  of  the  spore  by  a  transverse  wall  into  two  halves,  the  epibasal  and 
the  byx>obasal.  The  former  grows  out  into  a  multicellular  filament  which 
developes  into  the  thalloid  shoot;  the  latter  grows  out,  in  a  diametrically 
opposite  direction,  into  a  delicate  unicellular  filament,  the  primary  root.  It  will 
be  observed  that,  at  the  time  of  their  first  development,  root  and  shoot  are  here 
co-ordinate  in  structure  (p.  6).  In  the  course  of  its  growth,  the  thalloid  shoot 
produces  outgrowths  from  its  cells  on  the  ventral  surface,  which  are  ideutioai 
in  structure  with  the  primary  root.  These  are  not,  however,  roots,  but  root-hairs ; 
for  they  are  not  co-ordinate  in  structure  with  the  shoot  at  the  time  of  their 
development.  Again,  the  simple  tubular  outgrowths  on  the  under  surface  of 
the  creeping  stem  of  Caulerpa  (Fig.  17),  are  not  root-hairs,  but  roots,  for  they 
are  co-ordinate  in  structure  with  the  stem.  Similarly,  the  distinction  between 
roots  and  emergences  of  the  nature  of  haptera  and  haustoria  (see  p.  66)  is 
not  always  immediately  obvious.  Thus,  in  its  endogenous  development,  the 
liaustorium  of  Cuscuta  resembles  a  root,  but  it  differs  from  a  root  in  that  it  is 
developed  from  the  cortex.  Finally,  subterranean  shoots  often  closely  resemble 
roots,  but  may  be  distinguished  by  the  small  scaly  leaves  which  they  bear. 

The  root  is  sometimes  wanting  in  plants  where  it  might  be 
expected  to  be  present,  in  plants,  that  is,  of  which  the  body  is  not 
a  thallns  (t.g.  gametophyte  of  Mosses  :  sporophyte  of  Salvinia, 
Psilotnm,  Utricnlaria,  Epipognm,  Corallorhiza). 

In  the  sporophyte  of  the  Vascular  Cryptogams  and  Phanerogams, 
there  are  certain  peculiarities  connected  with  the  strnctnre  and 
development  of  the  root  which  contribute  to  its  morphological 
distinction.  As  a  rule,  the  growing- point  of  the  root  is  not  ex- 
posed, like  that  of  stems  or  leaves,  but  is  covered  by  a  structure 
termed  the  root-cap.    As  a  rule  also,  the  growing-point  of  the  root, 
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whether  normal  or  adventitious,  is  developed,  not  at  the  sarfaee, 
but  in  the  interior  of  the  tissue,  that  is,  endogencmsJy. 

There  are  exceptions  to  both  these  rules.  The  primary  root  of  some  para- 
sitic plants,  such  as  Orobanche  and  Cuscuta,  has  no  root-cap,  as  alao  the  small 
lateral  roots  which  spring  from  the  larger  roots  of  the  Horse-Chestnat.  In  some 
cases  {e.g.  old  roots  of  Azolla  caroliniana^  Hydrocharis,  PUtia  Stratiote$)  a 
root-cap  is  present  at  first,  but  eventually  disappears,  the  growth  in  length  of 
the  root  being  arrested. 

Exogenous  development  has  been  observed  in  the  adTentitious  roots  of 
Cardamine  prateiuit  (roots  of  adventitious  buds  developed  on  leaves) ;  of 
Neottia  Nidtis  Avis ;  of  Nasturtium  offixiinaU  and  silvettre  ;  of  Ruppia  rosiellcUa 
(embryo) ;  Lycopodium,  Phylloglossum. 

The  root  which  is  developed  at  the  opposite  pole  of  the  embryo  to 
the  shoot,  is  termed  the  primary  root  (see  p.  15).  When  the  primary 
root  persists  and  continues  its  growth  (as  in  Oak,  Radish,  Beau, 
etc.),  it  is  termed  a  tap-root.  In  many  cases  (generally  in  Monocoty- 
ledons) the  growth  of  the  primary  root  is  limited,  so  that  it  attains 
but  feeble  development.  In  other  cases  {e.g.  Orchids,  Phyllo- 
glossum,  Selaginella)  no  primary  root  is  developed,  all  the  roots 
being  adventitious.  The  symmetry  of  the  root  is  most  commonly 
radial.  In  some  cases,  however,  the  root  is  isobilateral,  as  is  shown 
as  well  by  its  internal  structure  as  by  the  development  of  two 
opposite  longitudinal  rows  of  lateral  roots.  In  other  cases  {e.g. 
attached  aerial  roots  of  epiphytic  Orchids  ;  roots  of  Podostemaceae) 
its  symmetry  is  more  or  less  distinctly  dorsiventral. 

Roots  branch  either  dichotomously  (e.g.  Isoetes),  or  laterally 
(see  p.  33).  In  latei*al  branching  the  secondary  i-oots  are  developed 
in  acropetal  succession  on  the  primary  root,  and  so  on.  The 
growing-points  of  the  lateral  roots  are  derived  from  that  of  the 
parent  root  (see  p.  21)  ;  but,  since  the  endogenous  lateral  roots 
take  some  time  in  reaching  the  sui*face,  they  are  only  perceptible 
externally  at  some  distance  from  the  apex  of  the  parent  root.  The 
terminal  apical  portion  of  the  parent  root  consequently  bears  no 
lateral  roots.  On  anatomical  grounds  (see -p.  186)*  the  secondary 
roots  are  arranged  in  longitudinal  rows  on  the  primary  roots ;  an 
arrangement  which  also  obtains  in  the  branches  of  the  secondary 
i-oots,  and  of  higher  orders. 

All  roots  which  are  not  developed  as  branches  of  the  primary 
root,  that  is,  which  are  developed  from  other  members,  as  well  as 
all  branches  which  are  not  developed  in  aci^opetal  succession  on 
the  primary,  secondary,  or  higher  oi^er  of  branches,  are  said  to  bo 
cuiveniitioiM  (see  p.  21). 
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AdTentitious  roots  are  most  abandantly  produced  when  the  normal  root- 
ajsiem  is  feeble.  They  are  usually  developed  by  the  formation  of  growing- 
points  in  members  which  are  adult ;  but  in  some  cases  they  spring  from  the 
growing-point  of  the  shoot.  The  roots  of  MarattiacesB,  of  Lyeopodiuin  Pkleg- 
maria  and  other  species,  of  Gunnera,  of  Nnphar,  all  take  origin  from  the 
growing-point  of  the  shoot ;  they  may  either  at  once  grow  out  to  the  surface,  or 
they  may  grow  down  through  the  tissue  of  the  stem,  emerging  at  its  base 
(Lycopodium),  or  between  some  of  the  lower  leaf-scars  (Marattia).  In  Neottui 
Nidus  Avis  the  adventitious  roots  are  largely  developed  from  the  intercalary 
growing-point  of  the  rhizome. 

The  form  of  the  root  is  nsaally  cylindrical ;    when  it  is  very- 
delicate,  as  in  Grasses,  it  said  to  he  fibrous ;    in  some  plants,  as 
mentioned  above,  it  is  hair-like.     The  primary  or  the  secondary- 
roots  may   become   much   swollen,    serving    as    depositories    for 
natritive    substances;    the    Turnip, 
the    Carrot,   the    Beet,  the  Radish, 
have   swollen    primary  roots ;     the 
Dahlia  has  swollen  secondary  roots. 

Tarious  terms  are  employed  to  designate 
the  different  forms  of  swollen  roots ;  that  of 
the  Turnip  is  termed  nayiform  ;  that  of  the 
Carrot,  conical  \  that  of  the  Kadish,  fmi- 
/orm  or  spindle-shaped  ;  those  of  the  Dahlia 
and  of  some  terrestrial  Orchids,  tuberous. 

Many  plants  have  aerial  roots 
which  are  peculiar  both  morpho- 
logically and  physiologically.  The 
roots  of  epipbyteH,  that  is.   plants     , J'» a^^rJ^'t^ Ce:,"! 

(mostly  Orchids,  and   BromeliaceOB)        of  the  tap-root  of  Yida  Faha  (Longi. 

which  irrow  on  trees  without,  how-      "^^^»^  ••^-  "^■»-  *  ^«*^-  ^  ^^'^^ 

"  .  .   .  cyliuder  (etele) ;  r  cortex  of  the  m«ia 

ever,   being   pai*a8itic,    never  reach      root;  Ji  root-cap  of  the  lateral  root. 
the  ground,  but  serve  as  a  means  of 

attachment:  they  frequently  contain  chlorophyll  and  serve  as 
organs  of  assimilation,  especially  in  rodostemacece.  Some  plants 
climb  by  means  of  aerial  roots  (e.g.  Ivy,  Tecoma  radicans)^  which 
are  developed  on  the  ventral  surface  of  the  dorsiventrai  stem, 
and  adhere  closely  to  the  tree- trunk  or  wall  on  which  the  plant 
is  climbing. 

In  some  rare  cases  the  aerial  root  is  a  tendril,  as  in  Vanilla 
armnatica^  Lycopodium,  rupesire  and  other  species,  and  in  some 
Melastomacess  (Medinilla  radicans,  Dissochseta). 
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Roots  are  occasionallj  developed  as  thorns,  as  in  the  Palms 
Acanthorhiza  and  Iriartea,  and  in  Myrmecodia  (Rubiacefle). 

In  some  species  of  Jassiosa  (je.g.  J.  repeiis)  which  live  in  swamps, 
some  of  the  adventitious  roots  develope  into  floats,  containing  large 
intercellular  spaces. 

§  14.  Hairs  and  Emergences.  Under  these  terms  are 
included  various  appendages  of  a  lower  morphological  value  than 
the  stem,  the  leaf,  or  the  root,  npon  all  of  which  they  may  be 
borne. 

They  are  frequently  of  adventitious  origin,  and  are  commonly 
not  developed  in  any  definite  order  of  succession.  But  when  they 
are  developed  in  progressive  snccession,  as  in  the  gametophyte  of 
some  of  the  lower  plants,  it  is  by  no  means  easy  to  certainly 
distinguish  them  from  other  members  of  the  body.  For  instance, 
in  certain  Liverworts  {e.g.  Riccia,  Marchantia)  the  lower  (ventral) 
surface  of  the  thalloid  gametophyte  bears  one  or  two  rows  of 
scales  :  from  their  regular  arrangement  these  ventral  scales  migbt 
be  regarded  as  leaves,  were  it  not  that  in  other  forms  (e.g.  Corsinia, 
Clevea)  they  are  arranged  quit-e  irregularly.  The  close  relation 
between  hairs  and  leaves  in  the  gametophyte  is  further  indicated 
by  the  fact  that  in  some  foliose  Liverworts  (e.g,  Jungermannia 
hicuspidaia)  the  venti'al  leaves  (amphigastria)  of  other  forms  are 
each  represented  by  a  hair. 

(a)  Hairs.  Hairs  are  always  developed  from  superficial  cells  ;  a 
hair  usually  takes  origin  from  a  single  superficial  cell,  but  some- 
times from  more  than  one.  Their  growth  is  generally  apical, 
but  sometimes  basal. 

Hairs  vary  in  form  and  structure;  they  may  be  nnicellnlar, 
when  they  are  termed  simple;  or  multicellular,  -when  they  are 
termed  compound  or  articulate:  they  may  be  branched  or  un- 
branched ;  they  may  be  filamentous  or  scaly.  They  subserve 
various  functions,  being  protective,  secretory,  or  absorbent. 

VariouB  terms  are  used  to  describe  hairs :  filamentous  hairs  which  are  secre- 
tory have  frequeutly  a  dilated  apex,  and  are  termed  capitate  ;  flattened  hairs 
which  are  star-shaped,  are  termed  stellate  ;  discoid  flattened  hairs  are  termed 
radiate  or  peltate;  the  erect  flattened  hairs  of  Ferns  are  termed  palea  or 
raineitta.    When  hairs  are  stiff  they  are  termed  bristled  or  seta. 

Special  terms  are  used  to  indicate  the  nature  and  the  distribution  of  the  hairs 
on  a  member.  A  surface  which  bears  no  hairs  is  raid  to  be  glabrous ;  when  the 
hairs  are  scattered  the  surface  is  pilose  ;  when  the  hairs  are  dose  and  short, 
viUom  ;  when  they  are  longer,  tomentose.  When  the  hairs  are  rather  stiff,  the 
•iirface  is  hirsute ;    when  bristly,  hi*pid.    When  the  hairs  are  borne  on  the 
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mATgin  only,  the  member  is  said  to  be  eiliaU.   A  Borfaoe  with  closely  appressed 
liaira  is  UpidoU  ;  a  member  bearing  ramenta  is  ramentiiceotu. 

The  root-hain  demand  special  notice.     Boot-hairs  are  hairs  which  perform  the 
functions  of  absorption  and  attachment ;  they  are  commonly  developed  on  roots, 


Fia.  40.— IHfferent  forms  of  bairs.  A  Branched  compound  hair  (Yfrbafcnm).  B  b 
Stinging-hair  with  basal  cnshion  p ;  h  simple  hair  (Urtica).  C  Branched  simple  hair,  seen 
from  the  Borface ;  «  epidermis  (Matthiola).  D  Scaly  compound  hair  (Hippophae) ;  a  seen 
from  the  surface ;  b  seen  in  section ;  e  central  cell ;  r  radiating  cells ;  •  stalk-cell ;  « 
epidennis.    B  Bamentam  (Asplenium) ;  b  the  point  of  attachment. 

ihooRh  not  alwAj«,  for  they  are  absent  from  the  roots  of  a  number  of  aqnatlc 
plants  {e.g.  Butomut  umbellatiu,  Calt^a  paltutrU,  Hippuris,  Myriophyllum, 
Henyanthes,  Nymphsa,  Lemna) ;  they  may  be  developed  on  the  thallus,  or 
the  thalloid  shoot,  in  the  gametophyte  of  Liverworts  and  homosporons  Vascalar 
Cryptogams ;  on  the  stem,  though  rarely  (e,g,  Corallorhiza,  Epipogom,  Psilotum), 
T.  8.  B.  1" 
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or  eTen  on  leaves  {fi.g.  Salvinia),  They  are  always  nnioellalar,  and  it  is 
only  rarely  that  ihey  are  found  to  branoh.  On  roots,  at  any  rate,  they  are 
developed  in  acropetal  snccession. 

(b)  Emergences,  These  appendages  differ  from 
hairs  in  that  they  are  developed  not  only  from  saper- 
ficial  cells,  bat  from  others  lying  beneath  them. 

The  commoner  forms  of  emergences  are  prickles 
(Fig.   41)   and   warts ;    more  specialised   forms  are 
the  tentacles  of  the  leaf  of  Drosera  (Figs.  42  and 
43);   the  ligule  of   the  leaf  of   Grasses  (Fig.  28), 
Selaginella,  and  Isoetes  (see  p.  48) ;  the  corona  of 
Narcissus ;  the  cupule  of  Launlaria  and  Marchantia. 
The  more  highly  developed  emergences  (e.g.  many 
prickles,  tentacles  of  Drosera)  of  Vascular  Plants 
frequently  contain  vascular  tissue. 
A  remarkable  kind  of  emergence  is  the  organ 
of  attachment,  termed  a  hapteron^  developed  on 
the  stalks  of  some  AlgSB  (e,g.  Laminaria),  on  the 
stems  and  branches  of  Podostemaceae  and  on  the 
tendrils   of   some   AmpelidesB   and  Bignoniaceaa 
among   Phanerogams:    it   contains  no   vascular 
tissue  even  in  Vascular  Plants. 

The  suckers,  or  haustoria^  of  parasitic  plants, 
{e.g.  Guscuta,  Orobanche,  Thesium,  Rhinanthus, 
etc.)  are  also  emergences,  being  developed  from 
the  cortical  tissue  of  the  root  or  stem  bearing 


Fi«.  41.— 
Prickles  on  the 
stem  of  the 
Boae(nat.8ise). 


Vie.  48.— IiMf  of  DroMra  rotiMuti/oUa.  A  Expanded  ;  d  the 
glandolar  tentacles  ef  the  edge  of  the  loaf ;  m  the  short  tentacles 
in  the  middle.  B  The  marginal  tentacles  have  bent  towards 
the  middle  at  the  touch  of  an  insect, «. 


Pio.  43.— Tentacle 
ofDroccra  rshmdi/olio. 
(After  Strasborgev:  x 
60.) 
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them.  Those  of  Rhinantbus,  Thesinm  and  Oi*obanche,  are  de- 
veloped exogenonsly;  those  of  Cuscata,  endogenously.  They 
contain  yascalar  tissue. 

B.    REPRODUCTIVE  ORGANS. 

§  15.  Reproduction.  Beprodaction  consists  essentially  in 
the  development  of  one  or  more  now  organisms  from  the  whole  or 
from  a  part  of  the  protoplasm  of  a  parent  organism. 

This  may  be  effected  either  by  the  separation  of  a  member  or 
a  portion  of  the  body,  which,  by  developing  the  missing  members, 
constitutes  a  new  individaal ;  or  by  the  production  of  special  re- 
productive cells  termed  spores.  Two  modes  of  reproduction  are 
therefore  distinguishable :  vegetative  multiplication^  and  spore- 
reproduction, 

1.  Vegetative  Multiplication  is  essentially  connected  with  the 
process  of  growth. 

The  simplest  modes  of  this  occur  in  unicellular  plants.  In 
Pleurococcus,  for  instance,  the  cell  divides  into  two,  each  of  which 
constitutes  a  new  organism.  In  this  case  the  parent  ceases  to 
exist  as  an  individual.  In  Yeast,  the  cell  produces  out-growths 
each  of  which  becomes  an  independent  unicellular  organism.  In 
this  case  the  number. of  the  progeny  is  not  limited,  and  the  parent 
organism  persists.     This  is  termed  multiplication  by  gemmation. 

In  more  complex  plants  vegetative  reproduction  is  commonly 
effected  in  this  way,  that  the  main  axis  of  the  shoot  or  of  the 
thallus,  dies  away :  the  branches  thus  become  isolated  and  consti- 
tute independent  organisms.  This  occars  very  commonly  in  the 
protonema  of  Mosses,  in  the  rhizomes  of  many  Phanerogams, 
etc.  In  those  cases  in  which  the  leaves  produce  adventitious  buds 
(f?.y.  Bryophyllum  caJydnum,  many  Ferns),  the  adventitious  buds 
develope  into  independent  plants  after  the  leaf  has  fallen  from  the 
plant  bearing  it. 

In  many  plants  special  organs  for  vegetative  multiplication  are  . 
produced,  which  may  be  generally  termed  gemmce.  In  a  few 
cases  the  gemmee  are  unicellular ;  as  those  of  Vaucheria  tuherosa 
(ccenocyte),  and  of  Monospora  among  the  AlgsB,  which  are  the 
terminal  cells  of  branches;  those  of  some  Fungi  (Mucorinad, 
Tremelline®,  some  Ascomycetes)  where  they  are  segments  of 
mycelial  branches  ;  and  those  which  are  produced  on  the  margins 
of  the  leaves  of.  Jungermannia  ventricosa^  Scapania  nem^>rosa,  and 
other  Hepatic». 
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It  8  not  possible  to  disoriminate  absolutely  between  a  nnicellolar  gemma  and 
a  spore.  There  is,  in  fact,  a  gradual  transition  between  this  form  of  vegetative 
mnltiplication  and  the  simpler  forms  of  spore-reproduotion. 

In  other  planks,  multicellular  gemmee  are  produced.  Thej  are 
two-celled  in  Aneura  multijida  and  some  other  Hepatic® ;  whilst 
in  yet  others  the  gemmsB  are  multicellular  flattened  isobilateral 
plates  (Fig.  4)  ;  they  may  be  developed  in  special  receptacles 
{cupules)  on  the  upper  surface  of  the  thallus  (Lunularia,  Mar- 
chantia),  or  on  the  margin  of  the  leaves.  In  some  Mosses  flattened 
gemmsB  are  produced  in  recepta(;les  formed  of  leaves  at  the  apex  of 
the  shoot,  as  in  Tetraphis  pellucida,  and  Aulacomnion  androgynwn  : 
and  rounded  tuberous  gemmae  are  frequently  formed  on  tho 
protonema.  The  prothallia  of  some  Ferns  (Trichomanes)  are 
reproduced  by  few-celled  filamentous  gemmee ;  and  that  of  Lyco^ 
podium  Phlegm  aria  by  ovoid  tuberoas  gemmee. 

Among  the  Algee,  Sphacelaria  tribuloideSy  Melohesia  atllitham^ 
nioides  (Florides),  and  Chara,  produce  multicellular  g^mmaa.  In 
Sphacelaria  and  Melobesia,  they  are  branches  of  the  thallus :  in 
Chara  they  may  be  peculiar  branches  of  the  shoot  {embryonic 
branches)  or  isolated  subterranean  nodes  (starch-stars). 

In  some  Fungi  (Ascomycetes  and  Basidiomycetes)  compact 
masses  of  tissue,  which  may  be  regarded  as  organs  for  vegetative 
reproduction  and  are  termed  scleroiia,  are  formed  on  the  mycelium. 
In  the  Lichens,  rudimentary  branches  of  the  thallus,  termed 
soredia,  are  produced  and  set  free. 

In  the  Vascular  Cryptogams  and  Phanerogams,  vegetative  re- 
production of  the  sporophyte  is  generally  effected  by  buds,  the 
leaves  or  stem  of  which  have  become  swollen,  serving  as  deposi- 
tories for  nutrient  substances.  These  buds  may  be  subterranean, 
and  then  they  are  of  considerable  size,  when  they  are  termed  IuIm 
or  corms  according  to  their  structure  (see  p.  40)  :  or  the  buds  may 
be  borne  on  a  swollen  subterranean  stem  (e,g,  potato-tober) ;  or 
be  associated  with  tuberous  roots  (e.g,  many  terrestrial  Orchids). 
Sometimes  they  are  aerial,  being  borne  on  the  stem ;  on  account 
of  their  small  size  they  are  termed  bulbils  {e.g,  Lilium  bulbiferum, 
Dentaria,  Nephrolepis  tuberosa,  etc.).  In  Psilotum,  however,  vege- 
tative propagation  is  effected  by  small  flattened  gemmse,  oval  in 
shape,  and  consisting  of  a  few  large  cells  forming  a  single  layer. 

2.  Spore- Reproduction.  The  term  spore  is  applied  to  a  specialised 
asexual  reproductive  cell  which  is  capable,  by  itself,  of  giving  rise 
to  a  new  organism. 
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There  are  two  principal  modes  of  origin  of  spores,  and  all  plants 
produce  spores  in  one  or  other  of  these  modes.  In  the  one,  the 
spores  are  formed  from  the  protoplasm  of  any  part,  or  of  some 
special  part,  of  an  organism ;  in  the  other,  they  are  formed  by  the 
fusion  of  two  masses  of  protoplasm  derived  either  from  two  dis- 
tinct oi^nisms,  or  from  distinct  parts  of  the  same  organism.  In 
the  former  case  they  are  said  to  be  formed  asexually;  in  the  latter, 
they  are  formed  sexually ^  the  fusion  of  the  two  masses  of  proto- 
plasm being  a  sexual  process  (p.  3)  ;  the  organs  concerned  are 
distingnished  respectively  as  asexual  and  sextml,  and  are  in  all 
cases  confined  to  the  shoot. 

In  the  Bryophyta  and  all  the  higher  plants,  the  asexual  formation 
of  spores  is  absolutely  restricted  to  the  sporophyte ;  and  the 
sexual  formation  of  spores  is  absolutely  restricted  to  the  gameto- 
phyte.  But  in  lower  plants  (AlgaB,  Fangi),  the  sexuality  of  the 
l^metophyte  is  frequently  so  far  incomplete  that  it  still  retains 
the  power  of  producing  spores  (distinguished  as  gonidia)  in  a 
purely  asexual  manner  (see  p.  3). 

The  spore  (or  gonidium)  is  generally  a  single  cell,  consisting  of 
a  nucleated  mass  of  protoplasm  containing  various  nutritive  sub- 
stances (oil,  starch,  etc.) :  but  in  some  cases  (e.g,  zoogonidinm  of 
Vaucheria)  where  it  is  multinucleate,  it  is  a  coenocyte  (see  Part 
II.,  Introduction). 

The  spore  fi-equently  has  a  cell-wall,  which  is  commonly  thick, 
and  in  some  cases  consists  of  two  layers,  an  outer,  the  exine  (or 
ejtospoTe\  which  is  cuticularised,  and  aii  inner,  the  inline  (or  ew- 
dospore)y  which  is  delicate  and  consists  of  cellnlose. 

In  some  cases  the  spore  has  no  cell-wall.  It  may  then  be 
capable  or  incapable  of  spontaneous  movement.  When  motile,  it 
either  swims  by  means  of  one,  two,  four,  or  many  cilia,  or  it 
creeps  in  an  amoBboid  manner  by  means  of  pseudopodia.  Motile 
spores  are  termed  zoospores  (or  zoogonidia).  Ciliated  zoospores 
are  common  among  the  AlgsB  {e.g.  Haematococcus,  Vaucheria, 
Ulothrix,  Botrydium,  Ectocarpus),  and  they  occur  in  some  Fungi 
(Saprolegniece,  Peronosporese).  Amoeboid  zoospores  occur  iu  the 
Myxomycetes  among  the  Fungi ;  in  Chromophyton,  and  in  the 
Floridean  genera  Helminthora,  Bangia,  and  Porphyra  (carpo- 
spores),  among  the  Algae.  Non-motile  naked  spores  occur  only 
in  the  Florideas;  both  the  asexual ly-produced  (tetragonidia)  and 
the  sexually-produced  (carpospores)  spores  belong  to  this  cate- 
gory, with  the  exceptions  mentioned  above. 


Digitized  by 


Google 


70  .  PABT  I. — THB  MORPHOLOGY  OP  PLANTS.         [§  16. 

It  may  be  remarked  that  in  some  Fungi  and  Lichens  the  spores  are  ap> 
parently  multicellular.  This  is,  however,  not  actually  the  case.  The  apparently 
multicellular  spores  are  really  aggregates  of  unicellular  spores. 

The  spores  produced  asexnally  by  the  sporophyte  of  any  one 
plant  are  commonly  of  one  kind  only ;  when  this  is  the  case  the 
plant  is  said  to  be  homospnrous.  Bat  in  some  of  the  Pterldopbyta, 
and  in  all  Phanerogams,  -which  are  therefore  said  to  be  hefero- 
bporous,  there  are  two  kinds  of  asexaally  produced  spores,  which 
differ  in  size  and  in  the  nature  of  the  organisms  to  which  they 
respectively  give  rise,  and  are  distinguished  as  microspores  and 
macrospores.  In  the  Phanerogams,  the  microspores  are  commonly 
termed  pollen-grains ;  and  the  macrospores,  emhryo-sacs, 

§  16.  General  Morphology  of  the  Asexual  Reproductive 
Organs.  In  the  great  majority  of  plants  the  asexual  production 
of  spores  takes  place  in  the  interior  of  an  organ  termed  a  sporan^ 
gium  (gonidaiigium  in  the  gametophyte)  :  but  in  some  cases  (eg, 
most  Fungi)  they  are  formed  by  abstriction  (see  Cell-formaiion  in 
Part  II.)  from  branches  of  the  sboot. 

Whilst  in  some  plants  the  asexual  production  of  spores  is  not 
limited  to  any  particular  portion  of  the  body,  in  others  it  is  so 
limited.  When  this  is  the  case,  the  portion  of  the  body  which 
pei-forms  this  function  differs  more  or  less  widely  in  form  from 
the  vegetative  portions,  and  it  is  distinguished  as  the  sporophore. 
When  the  body  is  diffei*entiated  into  root  and  shoot,  the  sporo- 
phore  is  always  part  of  the  shoot. 

In  those  plants  in  which  the  shoot  is  differentiated  into  stem 
and  leaf,  the  development  of  spores  is  commonly  confined  to  the 
leaves.  A  leaf  bearing  one  or  more  sporangia  is  termed  a  sporo- 
phylL 

(a)  The  Sporangium  (incl.  Qonidangium),  In  unicellular  plants 
(e.g.  Yeast,  Hasmatococcus)  the  cell,  that  is  the  whole  body  of  tbe 
organism,  becomes  one  sporangium.  In  this  case  the  development 
of  spores  closes  the  life  of  the  organism,  for  the  protoplasm  is 
used  in  the  formation  of  the  spores,  and  the  cell- wall  is  ruptured 
to  allow  of  their  escape. 

In  simple  multicellular  plants  (e.g:  Ulva,  Ulothrix)  each  cell 
eventually  acts  as  a  sporangium,  giving  rise  to  spores.  With  tbe 
formation  of  spores  the  life  of  each  cell  is  closed ;  so  that  when  all 
the  cells  have  formed  spores  the  life  of  the  organism  is  ended. 

In  plants  of  higher  organization  the  formation  of  spores  is 
limited  to  certain  cells,  so  that  the  formation  of  spores  no  longer 
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necessarily  pat«  a  term  to  the  life  of  the  organism.     It  is  in  these 
plants  that  distinct  sporangia  are  to  be  found. 

In  the  Algte  and  Fangi,  the  sporangium,  when  present,  con- 
sists of  a  single  cell  (or  a  coenocyte).  It  may  be  comparatively 
nndifPerentiated,  as  in  Bangiacesd  and  other  Floride®,  where  it  is 
simply  a  cell  of  the  thallas  the  contents  of  which  form  one  or 
more  spores ;  or  it  may  be  a  distinctly  differentiated  organ  as 
in  the  Cntleriacese,  Sphacelariese,  Ectocarpeaa,  Laminarieao,  and 
some  Florideae,  among  the  Algss;  and  in  the  Phycomycetes  and 
Ascomycetes  among  the  Fangi. 

In  all  plants  higher  than  the  Algad  and  the  Fnngi,  the  sporan 
g^inm  is  malticellular.    It  is,  however,  tcnt'ZocuZor,  that  is,  it  contains 
but  one  cavity  in  which  spores  are  developed,  though  this  is  some- 
times chambered  by  incomplete  walls  (trabeculce)  as  in  Isoetes. 

In  the  Bryophyta,  where  the  sporophyte  apparently  produces 
only  a  single  sporangium,  termed  the  capsule  or  iheca,  this  organ 
constitutes  the  whole  (Riccia)  or  a  considerable  portion  of  the 
sporophyte.  Its  structure  is  simple  in  Riccia  and  other  HepaticsB, 
but  it  becomes  highly  elaborate  in  the  true  Mosses  (e.g,  Polytri- 
chnm).  It  must,  however,  be  borne  in  mind  that  the  theca  of  the 
Bryophyta  is  not  completely  homologous  with  a  single  sporangium 
of  a  Fern  or  a  Phanerogam,  but  with  at  least  a  cluster  (sonis)  of 
such  sporangia :  hence  the  exceptional  complexity  of  its  structure. 

In  the  Pteridophyta  and  the  Phanerogams  the  sporophyte  pro- 
duces a  number  of  sporangia.  In  the  heterosporous  forms  there 
are  two  kinds  of  sporangia  which  respectively  produce  the  two 
kinds  of  spores :  those  which  produce  macro8poi*es  are  termed 
mcLcroaporangia ;  those  which  produce  microspores,  microsporangia. 
In  the  Phanerogams  the  macrosporangium  is  commonly  termed 
irvule,  and  the  microsporangium  poUen-sac, 

When  the  shoot  of  the  sporophyte  is  differentiated  into  stem 
and  leaf,  the  sporangia  are  generally  borne  on  the  leaves  (sporo- 
phylls)  :  but  in  some  plants  they  are  borne  on  the  stem.  This 
is  the  case  in  most  Selaginellas,  among  the  Pteridophyta :  the 
macrosporangia  (ovules)  are  borne  on  the  stem  in  various  Phane- 
rogams ;  among  Gymosperms,  in  the  Taxe®,  and  Gnetaceaa ;  among 
Angiosperms,  in  the  PolygonacesB,  Chenopodiaceas,  Amaranthacese, 
PrimulacesB,  Compositss,  Gramine»,  NaiadacesB,  Piporace»,  and 
others,  the  macrosporangia  being  either  terminal  or  lateral :  the 
microsporangia  are  less  commonly  borne  on  the  stem,  but  this  is 
the  case  in  some  Angiosperms,  such  as  Naias  and  Gasuarina. 
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The  sporangia  may  be  borne  singly,  or,  as  is  more  commonly  the 
case,  in  groups,  each  such  group  being  termed  a  soriis.  The  spor- 
angia of  a  soras  are  generally  quite  distinct  from  eaoh  other ;  but 
in  some  cases  {e.g.  most  Marattiaceee,  Psilotum,  Tmesipteris)  the 
sporangia  are  coherent,  forming  what  appears  to  be  a  multilocular 
sporangium  but  is  really  a  aynangium. 

In  those  heterosporous  plants  in  which  the  sporangia  are  in 
sori,  the  two  kinds  of  sporangia  are  borne  in  distinct  sori ;  the 
only  exception  to  this  rule  is  afforded  by  the  MarsileaceaB,  where 
each  sorns  includes  both  microsporangia  and  macrosporangia. 

The  sporangium  is  sometimes  more  or  less  completely  covered 
by  a  membranous  investment  to  which  the  general  term  indusium 
may  be  applied.  In  most  Ferns  (e.g.  Hymenophyllaceee,  Aspidieie, 
AspleniesB,  etc.)  and  in  Salvinia,  the  indusium  covers  a  whole 
sorus ;  this  is  true  also  of  the  sori  of  microsporangia  of  Azolla, 
and  in  some  Cupressine®  (Cupressus,  Thuja,  species  of  Juniperns) 
the  sorus  of  microsporangia  is  covered  by  an  outgrowth  which  is 
doubtless  an  indusium.  On  the  other  hand,  when  the  sporangia 
are  borne  singly,  each  individual  sporangium  may  have  its  indu- 
sium :  this  is  the  case  with  the  macrosporangium  of  Azolla ;  the 
sporangia  (of  both  kinds)  of  Isoetes,  where  the  indusinm  is  speci- 
ally termed  a  velum ;  the  macrosporangia  (ovules)  of  Phanerogams, 
each  of  which  is  invested  by  one  or  two  integuments,  which  are, 
however,  merely  indusia. 

The  mature  sporangium  of  these  higher  plants  is  either  borne 
upon  a  stalk  (sometimes  termed  f  article)  ;  or  it  is  sessile,  and  then 
it  is  commonly  more  or  less  imbedded  in  the  tissae  of  the  parent 
member,  as  in  the  case  of  the  sporangia  of  the  OphiogloSsacefle^  and 
of  the  pollen-sacs  of  most  Phanerogams.  This  latter  arrangement 
is  due  to  the  fact  that  the  growth  of  the  adjacent  vegetative 
tissue  keeps  pace  with  that  of  the  developing  sporangium,  so  that 
the  sporangium  does  not  stand  out  on  the  surface. 

The  development  of  the  sporangium  begins,  in  all  cases,  at  the 
surface  of  the  parent  member.  The  area  which  bears  the  spor- 
angium, especially  when  a  number  of  sporangia  are  developed 
close  together,  generally  projects  more  or  less  as  a  cushion  of 
tissue  to  which  the  term  placenta  is  applied.  In  the  Ferns  (except 
Marattiaceoe,  Ophioglossaceas,  and  Isoetaceae)  and  in  the  Hydropteri- 
deflB  (BhizocarpsX  the  sporangium  is  developed  from  a  single  super- 
ficial cell :  in  the  rest  of  the  Pteridophyta  and  in  the  Phanerogams 
it  is  developed  from  a  group  of  superficial  cells,  and  in  some  cases 
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from  cells  of  deeper  layers  as  well.  These  Ferns  and  the  Hjdro- 
pteridesB  are  hence  distingnished  as  leptosporangiate  from  the  rest 
of  the  Vascnlar  Plants  which  are  said  to  he  eusporangiate. 

The  most  important  morphological  featnre  in  the  development 
of  the  malticellnlar  sporangium  is  the  differentiation  of  the  sporo- 
g^nons  tissue,  that  is,  of  the  mother-cells  of  the  spores.  These  are 
derived  from  a  hjpodermal  cell  or  group  of  cells,  termed  the 
arehesporium,  which  may  he  distingnished  at  an  early  stage  in 
the  development  of  the  sporangium,  hy  the  highly  granular  pro- 
toplasm and  the  large  nucleus.  The  mother-cells  of  the  spores 
are  usually  formed  by  the  division  of  the  archesporial  cell  or  cells, 
but  occasionally  the  archesporial  cells  themselves  become  spore- 
mother-cells.  The  sporogenous  cells,  as  they  develope,  become 
more  or  less  completely  invested  by  a  layer  of  highly  granular 
cells,  forming  a  membrane  termed  the  tapetum,  which  temporarily 
separates  them  from  the  wall  of  the  sporangium;  the  tapetum 
may  be  derived  wholly  or  in  part  from  the  archosporium  or  from 
the  wall  of  the  sporangium. 

The  structure  and  form  of  the  archesporium  varies  widely  in 
the  different  groups  of  plants.  It  may  be  a  solid  mass  of  cells,  as 
in  all  Hepatic89  except  Anthoceros ;  or  a  layer  of  cells,  as  in 
Anthoceros,  Mosses  (except  Archidium),  Isoetes,  pollen-sacs  of 
some  Phanerogams ;  or  a  row  of  cells,  as  in  Lycopodinea,  pollen-sacs 
of  some  Phanerogams ;  or  a  single  cell,  as  in  the  Leptosporangiate 
Filicime,  in  Equisetum,  and  in  the  macrosporangia  (ovules)  of 
most  Phanerogams. 

The  constitution  of  the  archesporium  in  the  Eusporangiate 
Pteridophyta  and  in  the  Phanerogams,  depends  upon  the  form  of 
the  sporangium.  The  youtig  sporangium  in  all  these  plants  con- 
sists of  one  or  more  longitudinal  rows  of  cells,  covered  by  an 
epidermis ;  when  there  are  several  rows  of  cells,  the  lateral  rows 
radiate  outwards  in  the  apical  portion  of  the  sporangium.  When 
the  sporangium  is  circular  in  transverse  section,  and  is  narrow,  it 
is  only  the  terminal  cell  of  the  central  axial  row  which  constitutes 
the  archesporium;  when  the  sporangium  is  elongated  transversely, 
the  terminal  cells  of  several  of  the  rows  lying  in  the  plane  of 
elongation,  become  archesporial  cells,  so  that  the  archesporium 
consists  of  a  row  of  cells ;  when  the  sporangium  is  broad,  the 
terminal  cells  of  several  of  the  adjacent  central  rows  become 
archesporial  cells,  so  that  the  archesporium  consists  of  a  layer  of 
cells. 
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The  archelsporinm  gives  rise  in  some  cases  simply  and  only  to 
the  mother-cells  of  the  spores,  as  in  Riccia  among  the  Liverworts, 
and  in  the  Mosses ;  bnt  more  commonly  it  gives  rise  also  to  cells 
which  are  not  sporogenous.  Thus,  in  all  Hepaticaa,  except  Riccia, 
the  archesporiam  gives  rise  to  sterile  cells,  which,  in  most 
HepaticaB,  become  the  elaters ;  and  generally  in  the  Pteridophyta 
and  Phanerogams,  some  at  least  of  the  tapetal  cells  are  derived 
from  the  archesporinm ;  in  Isoetes,  the  tissue  of  the  trabecnl»  is 
derived  from  the  archesporinm. 

The  sporogenous  cells  usually  divide  so  as  to  give  rise  each  to 
four  spore-rudiments,  though  there  are  exceptions  to  this  rule. 
Thus,  only  one  of  the  mother-cells  in  the  macrosporangium  of 
Selaginella  divides  into  four,  the  others  being  abortive ;  and  in 
that  of  Phanerogams  the  mother-cell,  or  cells  where  there  is  more 
than  one,  does  not  divide,  but  developes  directly  into  a  single 
raacrospore  (embryo-sac).  In  all  homosporous  plants,  the  four 
spore-rudiments  formed  by  each  mother-cell  all  come  to  matuidty  ; 
and  this  is  the  case  also  as  regards  the  microsporangia  of  heteros- 
porous  plants.  In  the  macrosporangia  of  the  heterosporons 
Pteridophyta,  the  spore-rudiments  all  reach  maturity  in  Sela- 
ginella and  Isoetes,  so  that  the  mature  macrosporangium  of 
Selaginella  contains  four,  and  that  of  Isoetes  many,  macrospores : 
but  in  the  Hydropterideee  (Salvinia,  Pilularia,  etc.),  where  each 
macrosporangium  contains  sixteen  mother-cells,  so  that  sixty-four 
^pore-rudiments  are  formed,  only  one  of  these  sixty-four  comes  to 
maturity,  so  that  each  macrosporangium  produces  only  a  single 
macrospore. 

In  most  cases  the  asexually-produced  spores  are  set  free  from 
the  organism  producing,  them.  An  exception  to  this  is  offered  by 
the  macrospore  (embryo- sac)  of  Phanerogams,  in  which  plants 
the  macrospore  remains  permanently  enclosed  in  the  macrospor- 
angium (ovule),  and  the  macrosporangium  remains  attached  for 
a  considerable  time  to  the  plant  bearing  it.  It  is  on  account  of 
this  peculiarity  that  seeds  are  produced  in  Phanerogams.  The 
production  of  seeds  is  the  characteristic  difference  between 
Phanerogams  and  Cryptogams. 

When  spoi*es  are  formed  by  abstriction,  they  are  set  free  almost 
as  soon  as  they  are  formed.  When  they  are  produced  in  sporangia 
they  are  usually  set  free  by  the  rupture  or  dehiscence  of  the 
sporangium.  In  some  cases  the  wall  of  the  sporangium  simply 
degenerates ;  in  other  cases  there  is  a  special   mechanism,  some-i 
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times  Tery  elaborate,  for  ifcs  dehiscADce.  In  a  few  cases  th(9  whole 
sporangiam  falls  off  from  the  parent  plant,  e.g,  the  microsporangia 
and  macrosporangia  of  Salviniaceee ;  here  the  spores  never  become 
free  from  the  wall  of  the  sporangiam,  bat  germinate  inside  it. 

(/>)  The  Sporophore,  Beginning  with  the  lower  plants,  a  well- 
marked  asexaal  spore- producing  organ  is,  in  many  cases,  a  striking 
featnre  of  the  incompletely  sexnal  gametophyte ;  this  organ,  on 
account  of  its  being  borne  by  the  gametophyte,  is  distinguished  as 
a  gonidiophore,  and  its  spores  as  gonidia  (see  p.  3).  It  is  to  be 
found  in  many  Fungi,  where  it  represents,  in  fact,  the  shoot  of  the 
body,  and  is  a  specialised,  erect-growing  branch  of  the  mycelium. 
It  may  be  simple  (e.g.  Mucor,  Peronospora,  Eurotium)  or  compound 
( Agaricus)  ;  in  some  cases  it  bears  sporangia,  or  rather  gonidangia^ 
in  which  gonidia  are  formed  (Mucor,  Peronospora) ;  whilst  in 
others  (Eurotium,  Agaricus)  it  bears  short  filaments,  termed 
Herigmata^  from  which  the  gonidia  are  formed  by  abstriction.  In 
some  Ascomycetous  Fungi  the  simple  gonidiophores  which  form 
g^onidia  by  abstriction,  are  collected  into  groups  (sari),  each  of 
which  is  enclosed  in  a  receptacle,  the  whole  constituting  Apycni- 
dium.  Among  the  Algee,  the  gonidiophore  is  represented  ift 
certain  RhodophycesB  (e.g.  Dasya,  species  of  Polysiphonia)  by 
specialised  branches  of  the  shoot,  termed  atichidia,  which  bear 
gonidangia  (teiragonidangtd). 

Turning  to  the  sporophyte,  the  sporophore  in  these  lower  plants 
is  not  highly  developed.  In  some  few  Fungi  (e.g,  Mucor)  it  is 
essentially  similar  to  the  gonidiophore  ;  in  other  Fungi  (e.g,  Asco- 
mycetes)  and  in  certain  AlgsB  (Rhodophyceae)  the  whole  sporo- 
phyte is  simply  a  sporophore  in  the  form  of  a  receptacle  contain- 
ing sporangia ;  it  is  termed  in  the  one  case  an  ascocarp,  and  in  the 
other  a  cystocarp. 

The  sporophyte  of  the  Bryophy  ta  affords  a  good  example  of  a 
highly  specialised  sporophore  in  an  organism  the  shoot  of  which 
is  not  differentiated  into  stem  and  leaf.  The  entire  shoot  of  the 
sporophyte  constitutes  the  sporophore,  which  consists  (except  in 
Riccia)  of  a  longer  or  shorter  stalk  (seta),  bearing  a  terminal 
capsule  (theca)  of  more  or  less  complex  structure  (see  p.  71). 

In  the  majority  of  the  higher  plants,  in  which  the  shoot  of  the 
sporophyte  is  differentiated  into  stem  and  leaf,  there  are  well- 
marked  sporophores  (see  Fig.  36).  The  sporophore  may  be  the 
terminal  portion  of  the  primary  shoot  or  of  a  branch  ;  or  it  may 
be  an  entiro  branch.     It  is  commonly  known,  among  Phanerogams, 
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as  the  inflorescence,  bat  there  is  no  reason  for  confiDing  the  nse  of 
this  term  to  this  group  of  plants.  The  sporophore  or  inflorescence 
is  characterised  by  its  limited  growth  in  length,  and  can  nsnallj 
be  distingnished  from  a  vegetative  shoot  bj  pecnliarities  of  form, 
and,  when  they  are  present,  by  the  nature  of  its  leaves. 

The  distinction  of  an  inflorescence  from  a  vegetative  shoot  is  easy  when  the 
former  is  an  entire  branch  borne  lateridly  on  the  latter ;  bat  when  a  monopo- 
dia! vegetative  shoot  terminates  in  an  inflorescenco,  the  transition  from  the 
one  region  to  the  other  is  so  gradoal,  that  it  is  difficalt  to  determine  where  the 
one  begins  and  the  other  ends. 

The  sporophore  may  be  simple,  or  it  may  be  branched,  and  it  then 
affords  some  of  the  most  striking  examples  of  the  various  branch- 
systems  (see  p.  32).  When  the  branch-system  is  such  that  there 
is  a  well-defined  main  axis,  this  is  termed  the  rhachis  of  the  inflo- 
rescence. The  rhachis  and  the  branches  of  the  inflorescence  are 
commonly  elongated  and  cylindrical,  or  flattened,  or  prismatic  in 
form  ;  but  they  are  in  m^ny  cases  dilated  at  the  apex  into  a  flat-  . 
tened,  depressed  or  conical  receptacle,  as  in  the  Compositse,  etc. 

The  sporophore  may  be  destitute  of  leaves  (e,g,  Salishuria  adian- 
Ufolia),  When  it  bears  leaves  they  usually  differ  more  or  less 
widely  in  form,  colour,  and  structure  from  the  foliage-leaves  of 
the  plant.  Of  these  leaves  there  are  two  kinds  :  those  which  bear 
sporangia,  hence  termed  spoi'nphylls ;  those  which  do  not  bear  spo- 
rangia, termed  hypsophylU  (see  p.  59). 

When  no  sporophylls  are  present,  the  sporangia  are  borne 
directly  by  the  rhachis  or  the  branches  of  the  sporophore,  at  or 
near  the  apex,  in  a  cluster  if  there  are  several.  When  sporo- 
phylls are  present,  they  are  also  usually  collected  together  at  the 
apex  of  the  rhachis  or  of  a  branch,  in  consequence  of  the  short- 
ness of  the  terminal  internodes.  Any  axis  of  the  sporophore, 
bearing  one  or  more  sporangia  or  sporophylls,  is  termed  B,Jlotcer, 

When  hypsopbylls  are  present,  some  of  tliem  are  commonly 
aggregated  round  the  sporangia  or  the  sporophylls,  as  in  most 
Angiosperms,  constituting  what  is  termed  the  perianth  of  the 
flower. 

When  the  rhachis  is  unbranched,  it  bears  a  single  terminal 
flower  (e,g.  Equisetum,  Violet)  ;  when  it  branches,  each  axis,  of 
whatever  order,  terminates  in  a  flower.  It  is  on  this  account  that 
the  growth  of  the  axes  of  inflorescences  is  limited.  It  occasion- 
ally happens,  as  a  monstrosity,  that  the  axis  grows  through  the 
flower  and  produces  foliage-leaves ;  this  is  termed  proliferation. 
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Wlien  the  rbaohia  bean' a  single  tennioal  flower  it  is  commonly  tenned  the 
peduncU  of  the  flower ;  when  the  rhaohis  is  branched,  the  branches  may  be  so 
short  that  tbeir  flowers  appear  to  spring  directly  from  the  rhachis,  and  the 
flowers  are  said  to  be  sessiU ;  when  the  branches  are  longer  and  bear  terminal 
flowers,  they  are  termed  pedicels^  and  the  flowers  are  said  to  be  pedieiUate, 
For  farther  details  as  to  inflorescences,  see  Part  III. 

When  no  sporophjlls  are  present,  the  form  of  the  flower  is  ex- 
tremelj  simple.  When  sporopbylls  are  present,  the  form  of  the 
flower  varies  with  the  degree  of  elongation  attained  by  the  termi- 
nal internodes  of  the  axis.  When  they  elongate  to  some  extent, 
the  flower  forms  a  coney  as  in  Eqnisetom,  Lycopodinm,  Selaginella, 
I^nns.  When  they  remain  short,  as  generally  in  Angiosperms, 
the  apex  is  more  or  less  broadened,  forming  a  flattened,  depressed, 
or  shortly  conical  tortts  on  which  the  sporopbylls  and  the  perianth. 
leaves  are  borne.  The  various  forms  of  flowers  are  desciibed  in 
detail  in  Part  III. 

In  heterosporons  plants  it  is  commonly  the  case  that  the  two 
kinds  of  sporangia  are  borne  together  on  the  same  axis  of  the 
sporophoiie ;  that  is,  tbey  are  included  in  the  same  flower  (e,g.  Sela- 
ginella, most  Angiosperms),  which  is  then  said  to  be  ambisparangu 
ate ;  bnt  they  are  frequently  confined  to  distinct  axes,  as  in  the 
Gymnosperms,  and  in  some  Angiosperms  (e.g.  Beech,  Birch,  Oak, 
Walnut,  etc.)  ;  these  distinct  flowers  are  said  to  be  monoeporangiate^ 
and  are  distinguished,  according  to  the  kind  of  sporangia  which 
they  respectively  bear,  as  micrasporangiate  or  macrosporangiate ;  in 
some  cases  one  individual  bears  exclusively  microsporangiate,  and 
another  exclusively  macrosporangiate  flowers,  as  in  the  Hemp,  the 
Yew,  etc. 

(c)  The  Sporophylls.  In  many  cases,  most  Ferns  and  Lycopo- 
dinse,  for  example,  the  sporophylls  are  similar  to  the  folinge- 
leaves,  differing  only  in  that  they  bear  sporangia ;  but  more  com- 
monly the  sporophylls  are  distinguished  by  some  peculiarity  in 
form  or  structure.  Thus  in  the  Flowering  Fern  (Osmunda  regalis) 
the  sporophylls  differ  from  the  foliage-leaves  in  that  no  green 
leaf- tissue  is  developed  in  them.  In  Botrychium,  Ophioglossum, 
and  the  HydropterideeB  (RhizocarpaB),  the  sporophyll  is  a  branch 
or  segment  of  a  foliage-leaf,  characterised  by  a  peculiar  form  and 
by  the  absence  of  green  leaf- tissue.  In  Marbiiea  and  Pilularia  the 
sporophyll  forms  a  hollow  capsule,  enclosing  the  sporangia.  In 
Equisetum,  the  sporophyll  is  a  peltate  scale  bearing  the  sporangia 
on  its  inner  or  under  surface.     In  the  Gymnosperms  the  sporo- 
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phjlls  are  generally  small  scaly  leaves ;  and  in  the  Angiosperms 
they  differ  widely  in  form  from  the  foliage-leaves.  In  some  of 
the  Alg89  too,  as  in  Cladostephos  (Sphacelarieae),  there  are 
definite  sporpphylls. 

The  distribation  of. the  sporangia  among  the  sporophylls  in 
heterosporons  plants  is  an  important  point.  In  the  Hydropterideae 
(Rhizocarpae),  both  the  microsporangia  and  the  maerosporangia 
are  borne  by  the  same  sporophyll ;  bat  in  all  other  heterosporons 
plants  they  are  borne  by  distinct  sporophylls,  which  may  be  dis- 
tingaished  respectively  as  microsporophylU  and  macrosporophylls. 
In  the  Phanerogams  the  microsporophyll  is  termed  a  stamen ;  the 
fnacf'osporophylly  a  carpel;  but  there  is  no  reason  for  confining- 
these  t-eims  to  this  group  of  plants. 

The  term  stamen  is  not,  however,  al^^ays  etrictly  confined  to  microsporo- 
pliylls,  but  it  is  also  applied  to  portions  of  the  axis  bearing  microsporangia. 
For  instance,  in  Oallitriche,  Oasuarina,  Naias,  etc.  (see  p.  71),  the  micro- 
sporangia  (pollen-sacs)  are  borne  on  a  segment  of  the  sporophore,  which  is 
termed  a  stamen. 

In  heterosporons  plants,  both  kinds  of  sporophylls  are  gener- 
ally present  in  one  and  the  same  flower:  when,  however,  the 
flower  includes  only  microsporophylls,  it  is  termed  microsporopkyU 
lary  or  staminate  ;  and  when  it  includes  only  macrosporophylls,  it 
is  termed  macrosporophyUary  or  carpellary. 

In  some  oases  the  sporangia  are  borne,  not  upon,  but  in  close  relation  with,  a 
leaf,  which  is  nevertheless  regarded  as  a  sporophyll.  Thus,  in  BelagineUa,  the 
sporaogium  is  in  the  axil  of  the  sporophyll.  Again,  the  leaves  which  invest  the 
maerosporangia  (ovules)  of  PolygonacesB,  Piimulacesa,  etc.,  are  termed  carpels, 
though  they  do  not  actually  bear  the  sporangia. 

The  distribation  of  the  sporangia  on  the  sporophyll  is  various. 
They  may  be  borne  exclusively  on  the  under  (dorsal)  surface,  as 
.in  most  Ferns,  Equisetum  and  Gymnosperms  (pollen-sacs)  ;  or 
exclusively  on  the  upper  (ventral)  surface,  as  in  the  Lycopodinae, 
MarsileacesB,  maerosporangia  of  ConiferaB  and  of  some  Angiosperms 
{e.g.  Butomus) ;  or  on  both  surfaces,  as  in  Osmunda ;  or  on  the 
lateral  margins,  as  in  Ophioglossum  and  the  Hymenophyllaceae,  and 
in  many  Angiosperms  {e,g,  Leguminosas,  ViolaceeB,  Liliaceoe)  ;  or  on 
the  apices  of  segments  of  the  sporophyll,  as  in  the  SalviniaceaB. 

The  number  of  the  sporangia  borne  by  a  sporophyll  also  varies 
widely.  In  some  cases  there  is  only  one,  as  in  Selaginella,  Ly co- 
podium,  Isoetes ;  or  two,  as  in  most  Coi^if erae ;  or  four,  as  in  most 
Angiosperms  (microsporangia)  ;  or  many,  as  in  the  Filicinas. 
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In  most  cases  the  sporangia  are  free  on  the  surface  of  the 
sporophyll ;  bat  in  some  cases  they  are  enclosed  in  a  cavity  formed 
either  by  the  infolding  and  junction  of  the  margins  of  the  sporo- 
phyll, or  by  the  junction  of  the  margins  of  adjacent  sporophylls. 
The  sporangia  of  the  Marsileacefe  are  thus  enclosed  by  the  sporo- 
phyll, as  are  also  the  macrosporangia  of  all  Angiosperms.  In  the 
latter  group  the  resulting  structure  is  termed  the  ovary. 

(d)  The  Hypsophylls  (Fig.  36,  p.  67).  Under  this  common  term 
are  included  bracts  and  perianth'leaves. 

Bract.  This  term  is  generally  applicable  to  the  leaves,  other 
than  the  sporophylls  and  perianth-leaves,  which  are  borne  by  the 
rhachis  or  branches  of  the  inflorescence:  those  which  are  borne 
on  the  pedicels  of  individual  flowers  are,  however,  distinguished  as 
hracteoles  or  prophylla. 

The  bract  is  frequently  not  distinguishable  from  a  foliage-leaf, 
bat  it  may  be  reduced  to  a  scaly  leaf,  or  it  may  be  very  large  and 
even  highly  coloured,  when  it  is  said  to  be  petaloid.  An  example 
of  the  occurrence  of  bracts  in  the  Pteridophyta  is  afforded  by 
Squisetum,  where  there  is  a  whorl  of  small  bracts,  forming  what 
is  known  as  the  rituj,  just  below  the  cone  or  flower.  In  some 
Monocotyledons  (e.g.  Palms,  Arums,  etc.)  there  is  a  large  bract, 
termed  a  spathe,  which  invests  the  whole  inflorescence:  it  is  usually 
not  green  in  colour,  as  in  the  Trumpet  Lily  (Zantedeschia  cethiopicu) 
where  it  is  white.  In  some  cases  the  bracts  are  arranged  in  whorls 
round  the  inflorescence  (e.g.  Compositaa)  forming  an  involucre. 

The  hracteoles  sometimes  form  an  investment,  termed  an  epicalyx, 
to  the  flower  (e.g.  Malva,  Camellia,  etc.). 

The  Perianth-leaves  are  leaves  developed  in  immediate  relation 
with  the  sporophylls,  or  with  the  sporangiforous  axis,  of  a  flower, 
to  which  they  form  a  protective  or  attractive  investment  termed 
the  perianth.  A  perianth  is  present  only  in  Phanerogams,  and  is 
confined  almost  exclusively  to  the  Angiosperms:  the  Gnctacese  are 
the  only  Gymnosperms  in  which  it  is  represented.  The  leaves  may 
be  arranged  in  a  sii^gle  whorl,  or  in  two  or  more ;  or  they  may  be 
all  alike,  either  green  and  inconspicuous,  or  of  other  bright  colours 
and  conspicuous ;  most  frequently  the  leaves  of  the  outer  whorl 
(sepals  constituting  the  calyx)  are  small  and  green  in  colour,  being 
especially  protective  in  function,  whilst  those  of  the  inner  whorl 
(petals  constituting  the  corolla)  ai*e  large  and  brightly  coloured, 
being  especially  attractive  in  function.  (For  further  details,  see 
The  Flower,  p.  512). 
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§  17.  General  Morphology  of  the  Sexual  Reproductive 
Organs.  The  general  morphology  of  the  sexual  reproductive 
organs  agrees  in  many  respects  with  that  of  the  asexual  repro- 
daotive  organs. 

In  the  great  majoi'ity  of  plants  the  sexual  reproductive  organs 
give  rise  to  sexual  reproductive  cells,  termed  gametes ;  hence  the 
organs  may  be  generally  termed  gametangia.  In  some  cases  the 
formation  of  gametangia  is  limited  to  a  certain  portion  of  the 
body  of  the  gametophyte,  which  differs  more  or  less  from  the  vege- 
tative portions  of  the  shoot  and  may  be  distinguished  as  a  gameto^ 
phore.  When  a  part  of  the  body  is  differentiated  as  a  ^hoot,  the 
gametophore  is  part  (or  the  whole)  of  the  shoot.  Since,  in  most 
plants,  the  morphological  differentiation  of  the  gametophyte  is  not 
so  complete  as  that  of  the  sporophyte,  it  follows  that  the  game- 
tangia are  less  frequently  developed  on  leaves  than  are  the 
sporangia.  In  those  cases  in  which  the  gametangia  are  borne  by 
leaves,  the  leaves  may  be  termed  gametophijUs, 

(a)  The  Qametes,  A  gamete  is  a  sexual  reproductive  cell — a 
reproductive  cell,  that  is,  which  is  incapable  by  itself  of  giving 
rise  to  a  new  organism ;  in  this  respect  it  differs  from  a  spore.  A 
spore  is,  however,  formed  from  the  fusion  of  two  gametes  of 
different  sexes  ;  that  is,  by  a  sexual  process  (see  p.  69). 

In  those  of  the  lower  Algas  and  Fungi  in  which  sexual  spore- 
foiTaation  takes  place,  the  gametes  produced  by  the  organism  are 
all  externally  similar ;  hence  these  plants  are  termed  tsogamous; 
the  sexual  process,  which  consists  here  in  the  fusion  of  two  simi- 
lar gametes,  is  termed  conjugation ;  and  the  spore  formed  by  con- 
jugation is  termed  a  zygospore. 

In  all  the  higher  plants,  hence  termed  heterogamousy  the  gametes 
are  not  all  alike;  but  there  are  two  kinds,  the  male  and  the  female. 
The  male  and  female  gametes  may  be  generally  distinguished  by 
their  difference  in  size,  the  male  being  the  smaller,  and  by  the 
greater  activity  of  the  male  gamete  in  connection  with  the  sexual 
process  which  is  here  termed  ferlilisation^  the  male  gamete  being 
considered  to  fertilise  the  female  ;  product,  an  oospore. 

The  gradaal  trinsition  from  isog«my  to  heterogamy  can  be  most  detrly  traced 
in  the  Alg® :  special  attention  is  directed  to  this  in  the  account  of  the  AlgfB  in 
Part  lU.  (p.  226). 

The  gametes  of  isogam^ms  plants ^  in  those  cases  in  which  they  are 
set  free  from  the  gametangium  and  are  free-swimming,  are  well 
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defined,  ciliated,  somewhat  pear-shaped  masses  of  protoplasm 
destitute  of  a  cell- wall  (e.g.  Botrydium,  Ulothrix,  Ectooarpns,  etc.), 
and  are  distinguished  a^  planoga/netes.  When,  however,  they  are 
not  free>swimming  (as  in  the  Conjugate  Algse)  they  have  no  defined 
form  nor  are  they  ciliated. 

The  gametes  of  heterogamous  plants.  The  male  gamete,  when  the 
conditions  are  such  that  it  must  of  necessity  be  free-swimming,  is 
generally  a  well-defined  ciliated  mass  of  protoplasm,  termed  a 
8perm4itozo»d ;  spermatozoids  occur  in  the  heterogamous  Green  and 
Brown  Algaa  (e.g,  Vaucheina,  Volvox,  Sphaeroplea,  (Edogonium, 
Chara,  Fncns),  in  the  Bryophyta,  and  in  the  Pteridophyta.  In  the 
lower  forms  the  spermatozoid  is  more  or  less  rounded  or  pear- 
shaped,  somewhat  resembling  a  planogamete  of  the  isogamous 
forms:  but  in  the  higher  it  is  club-shaped  or  filamentous,  thicker 
at  the  posterior  end,  pointed  at  the  anterior  end  where  the  two 
or  more  cilia  are  borne,  and  more  or  less  spirally  coiled. 

An  exception  to  this  form  of  fi*ee  male  gamete  is  afforded  by 
the  Bed  Algae,  where  the  gametes  are  small  rounded  or  oval  bodies 
destitute  of  cilia,  and  are  distinguished  as  spermatia ;  when  fii*st  set 
free  they  have  no  cell- wall,  but  they  develope  one  before  they  come 
into  contact  with  the  female  organ.  Very  similar  to  these  are  the 
spermatia  of  certain  Ascomycetous  Fungi,  which  have,  however,  a 
cell-wall  from  the  very  first ;  but  there  is  some  doubt  as  to  the 
sexual  natare  of  these  cells. 

When,  owing  to  the  proximity  of  the  male  and  female  organs  at 
the  time  ot  fertilisation,  the  male  gamete  has  no  considerable  dis- 
tance to  traverse  {e.g,  Peronosporacese,  Plianerogams),  it  is  not 
differentiated  as  a  spermatozoid,  but  it  is  simply  an  amorphous  cell 
without  a  cell- wall. 

The  female  gamete,  or  oo^phere,  is  not  ciliated,  nor  is  it,  as  a  rule, 
set  free,  but  remains  in  the  female  organ  until  after  fertilisation  : 
but  in  Fueos  and  its  allies,  the  oosphere  is  extruded  from  the  fe- 
male oi^gan  before  fertilisation.  It  is,  generally  speaking,  spheri- 
cal in  form,  as  its  name  denotes. 

The  gametes  are  developed  from  one  or  more  mother-cells  in 
the  gametangium.  In  isogamous  plants,  as  a  rule,  each  mother- 
cell  g^ves  rise  to  more  than  one  gamete,  and  commonly  to  a  con- 
siderable number  (e.g.  Botrydium,  Ulothrix)  ;  but  in  Ectocarpus 
and  some  other  Phaeosporete,  each  mother-cell  produces  bat  a 
single  gamete.  Whilst  in  the  higher  heterogamous  plants  the 
male  gametes  are  each  developed  singly  from  a  mother-cell,  in  the 
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lower  it  is  the  rule  that,  the  male  gametes  are  produced  several 
together  from  one  mother-cell.  The  female  gametes  are  de- 
veloped singly  in  the  mother-cell,  except  in  the  Saprolegniacead 
among  Fangi,  and  in  some  genera  of  Facaceas  (Pelvetia,  Ozothal- 
lia  or  Ascophyllnm,  Fucns),  in  which  from  two  to  eight  (Fucaceee) 
or  up  to  twenty  (Saprolegntaceae)  oospheres  ai-e  produced  from  one 
mother-cell. 

With  regard  to  the  development  of  the  gametes,  it  is  sometimes 
the  case  that  the  whole  of  the  protoplasm  of  the  mother-cell  is 
used  in  their  formation.  Thus,  the  gamete  of  Spirogyra  is  formed 
by  the  rejuvenescence  of  the  whole  protoplasm  of  a  cell  of  the 
filament ;  and  the  oospheres  of  Fucus  are  formed  by  the  division 
of  the  whole  of  the  protoplasm  of  the  mother-cell.  But  in  most 
cases  a  portion  of  the  protoplasm,  and  more  particularly  of  the 
nuclear  substance,  is  excluded  from  taking  part  in  the  formation 
of  the  gametes :  a  portion  of  it  is  either  directly  cut  ofiE  by- 
division,  or  is  simply  not  used  in  the  development  of  the  gamete. 
Thus,  in  the  Bryophyta,  Pteridophyta,  and  Gymnosperms,  the 
development  of  the  oosphere  begins  with  the  division  of  the 
nucleus  of  the  mother-cell  (central  cell)  into  two ;  this  is  followed 
by  the  division  of  the  mother-cell  into  two  unequal  parts,  no 
cell- wall  being  however  formed ;  the  larger  portion  is  the  oosphere; 
the  smaller,  which  eventually  decomposes,  is  termed  the  ventral 
canal'CeU,  on  account  of  its  position  in  the  female  organ.  In  cer- 
tain Alg89  the  development  of  the  oosphere  is  attended  by  (e.^. 
Yaucheria,  (Edogonium,  ColeochsBte)  the  discharge  of  a  mass  of 
protoplasm  from  the  female  organ  prior  to  fertilisation,  which 
probably  corresponds  to  the  ventral  canal-cell  of  the  higher 
plants. 

With  regard  to  the  development  of  the  spermatozoid,  it  ap- 
pears, in  those  cases  in  which  it  has  been  most  fully  investigated 
(Bryophyta,  Pteridophyta),  that  only  a  portion  of  the  cytoplasm 
and  nuclear  substance  of  the  mother-cell  is  used  in  its  formation ; 
the  residue  is  usually  discharged  with  the  spermatozoid,  as  a  vesi- 
cle which  adheres  to  it,  until  thrown  off  by  its  active  movements. 
(For  details,  see  Part  II.,  Cell-Formalion,  p.  116.) 

The  masses  of  protoplasm  which  are  derived  from  the  mother, 
cello,  but  are  excluded  in  any  of  the  above  ways  from  entering 
into  the  formation  of  the  gametes,  are  termed,  generally,  polar 
bodies.  Their  physiological  significance  is  considered  in  Part 
IV.  (p.  772). 
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(h)  The  Gametangia.  The  general  morphology  of  the  gamefcangift 
is  very  mach  the  same  as  that  of  the  spoi*aDgia. 

With  regard  to  the  terminology  employed  in  designating  these 
organs,  they  are  said  to  be  male  when  they  contain  protoplasm 
which  is  capable  of  effecting  fertilisation  ;  and  female^  when  they 
contain  protoplasm  capable  of  being  fertilised.  When  there  is  no 
external  indication  of  the  physiological  nature  of  the  organ,  it 
is  simply  termed  a  gametangium.  But  when  the  male  and  female 
organs  respectively  are  clearly  differentiated,  special  names  are 
g^iven  to  them  in  order  to  indicate  peculiarities  in  their  structure 
or  function,  or  the  group  of  plant's  to  which  they  belong.  Jn 
the  first  place  a  distinction  must  be  drawn,  in  the  case  of  these 
diffei'entiated  gametangia,  between  those  which  give  rise  to  clearly 
differentiated  gametes,  and  those  the  protoplasm  of  which  does  not 
undergo  such  differentiation.  To  the  former  category  belongs 
the  male  organ,  termed  antheridiumy  in  which  spermatozoids  are 
developed,  and  the  female  organs,  termed  oogonium  or  arcJiegonium^ 
in  which  one  or  more  oospheres  are  differentiated.  To  the  latter 
category  belong  the  male  organ  termed  pollinodlum  (e.g.  in 
Peronosporaceae  and  some  Ascomycetes),  and  the  female  organs 
termed ^rocarp  (Floridese)  or  archicarp  (Ascomycetoui  Fungi). 

In  the  lowest  plants  in  which  the  sexual  formation  of  spores 
takes  place,  the  whole  cell,  when  the  organism  is  unicellular,  or 
any  cell,  when  the  organism  is  multicellular,  becomes  a  game- 
tangium, without  being  specially  modified  for  the  purpose.  This 
is  the  case,  not  only  in  isogamous  plants  (e.g.  Pandorina,  Ulotlirix, 
Conjugatee),  but  in  some  heterogamous  plants  (e.g.  Spheeroplea) 
in  which  the  gametes  are  perfectly  differentiated  into  spermato- 
zoids and  oospheres. 

In  plants  of  higher  organisation  there  are  specialised  game- 
tangia. In  the  simpler  forms  of  these  the  male  and  female 
gametangia  are  externally  similar,  as  in.  the  Volvocacese,  Ecto- 
carpus,  and  Cntleria,  among  the  Algae,  and  in  the  Zygomycetes 
and  some  Ascomycetes  (e.g.  Eremascus)  among  the  Fungi.  In  the 
moi*c  complex  forms,  the  male  and  female  gametangia  are  dis- 
similar. 

The  undifferentiated  gametangia  are  generally  unicellular  and 
unilocular;  but  they  are  multicellular  and  multilocular,  in  some 
PhseosporesB  (e.g.  Ectocarpus,  Giraudia,  Scytosiphon,  Cutleria). 

The  differentiated  gametangia  are  of  various  structure.  The 
antheridium  is  unicellular  in  most   of  the  lower  plants   (Green 
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Algfle,  except  CharacesB ;  Fccacese),  as  also  generally  in  Phanero- 
gams. In  all  the  other  cases  it  is  mnlticellalar,  and  of  simple, 
strnctnre,  except  in  the  CharacecB,  where  the  stractnre  is  ex- 
tremely complex.  In  some  cases  (Rhizocarps)  the  antheridiam 
consists  almost  entirely  of  the  mother-cells  of  the  spermatozoids  ; 
in  most  cases  the  mother-cells  are  scrronnded  by  a  parietal  layer 
of  cells.     The  poUinodiam  is  generally  unicellular. 

The  oogonium  is  either  unicellular,  as  is  generally  the  case,  or 
it  is  a  coenocyte  (e.g.  Peronosporacese,  Vaucheria).  The  ai-chegoniunn 
is  generally  multicellular,  consisting  of  a  cellular  wall  investing* 
the  oosphere,  usually  prolonged  into  a  tubular  neck;  but  in  some 
of  the  higher  plants,  Welwitschia  among  the  Gymnosperms,  and 
all  Angiosperms,  the  archegonium  is  reduced  to  a  single  cell,  the 
oosphere.  The  archicarps  and  procarps  are  unicellular  in  some 
cases,  multicellular  in  others;  in  most  cases  the  organ  is  pro- 
longed into  a  filament,  the  trichogyne,  by  means  of  which  fertili- 
sation is  effected.  The  oogonia  (except  those  of  Peronosporacece, 
Saprolegniaceee,  and  Characeea)  and  the  arcbegonia,  open,  so  that 
their  contents  are  in  direct  relation  with  the  surrounding  medium  ; 
in  the  procarps  and  archicarps  this  is  not  the  case. 

Further  details  are  given  in  Part  III.  in  connexion  with  the 
plants  to  which  the  various  organs  belong. 

(c)  The  Qametophore.  In  some  plants  in  which  the  gametophytc 
is  well-develope4,  the  sexual  organs  are  not  borne  indifferently  on 
any  part  of  the  body,  but  are  confined  to  particular  regions  or 
branches  of  the  thallus  or  of  the  shoot,  which  may  bo  distinguished 
as  gametophores;  as  in  some  AlgoB  (e.g.  Himanthalia  lorea),  Liver- 
worts (e.g.  Marchantia),  Mosses  (e.g.  Sphagnum),  and  some  Ferns. 
In  Himanthalia  lorea  (Fig.  44)  the  vegetative  portion  of  the  body 
is  conical  in  form  and  is  attached  at  its  pointed  end,  and  from  the 
middle  of  the  cup-like  upper  surface  there  grows  a  long  branched 
gametophore.  In  Marchantia,  and  some  other  Liverworts,  some 
of  the  flattened  prostrate  branches  of  the  thallus  develope  termi- 
nally into  an  erect  cylindrical  gametophore,  bearing  male  or  female 
organs  (antheridia  or  archegonia)  on  a  receptacle  at  its  summit. 
In  Sphagnum,  also,  the  antheridia  and  archegonia  are  borne  re- 
spectively on  distinct  and  specialised  branches.  Such  unisexual 
gametophores  may  be  specially  designated  aniheridiojihores  or 
archegoniophores.  In  some  Ferns  which  have  an  altogether  fila- 
mentous gametophyfce  (e.g.  Trichomanes),  the  female  organs  (ar- 
chegonia) are  borne  on  short  multicellular  lateral  branches  form- 
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ing  cushion-like  gametophores,  or,  more  precisely,  archegonio- 
phores.  When,  as  in  most  Ferns,  the  adnlt  gametophyte  is  a  flat- 
tened dorsi ventral  cellular  expansion,  the  archcgonia  are  borne 
on  a  cellular  cushion  projecting  on  the  ventral  surface,  which 
constitutes  the  archegoiiiophore.  This  kind  of  archegoniophore 
rea«hes  its  highest  development  in  the  Fern  Gymnogramme  lepto- 
phylla,  where  the  cushion  gix)ws  out  into  a  tuberous  subterra- 
nean archegoniophore. 

When  the  shoot  is  differentiated  into  stem  and  leaf,  the  sexual 
organs  are  in  some  cases  borne  on  more  or  less  specialised  leaves 
which  may  be  termed 
gainetophylUj  as  in  some 
Algse,  such  as  the  Cha- 
raceflB  (both  antheridia 
and  oogonia),  the  higher 
Sphacelariese  (gametan- 
gia  of  CJadostephus)  and 
the  Rhodomeleae  (e.g. 
antheridia  of  Polysipho- 
nia). 

The  sexual  organs  may 
either  be  scattered  over 
the  surface  of  the  mem- 
ber beanng  them,  or  they 
may  be  developed  in 
groups  (sort).  Occasion- 
ally a  sorus  is  enclosed 
in  a  receptacle ;  such  re- 
ceptacles are  the  concep- 
iacie  of   the  Fncacece  and  ^'«'  Ai.-mmarUhalia  lor^  (mu'^h  reduced),     a 

.         vegetative  part  of  bodj ;  b  branched  gametophore. 
of  the  CorallineiB  (Flon- 

Jeae)  ;  the  sperniogonium  of  the  Ascomycetous  and  ^cidiomycetous 
Fungi ;  the  receptacle  of  many  Hepaticae. 

la  some  Hepaticae  (e.g.  foliose  Jungermanniaceae),  and  in  all 
Mosses,  the  sorus  of  sexual  organs  is  surrounded  by  leaves,  which 
may  differ  more  or  less  from  the  ordinary  foliage  leaves.  The 
investment  thus  formed  is  termed  9k  perichcBtiumf  and  the  leaves  are 
termed  perichcBtial  leaves. 

Since,  as  has  been  pointed  out,  the  gametangia  correspond  to 
the  sporangia,  the  gamotophore  corresponds  also  to  the  sporophore  ; 
they  are  both  portions  of  the  shoot,  or  of  the  thallus,  which  are 


Digitized  by 


Google 


8G  PART   I. — THE   MORPHOLOGY  OF   PLANTS.  [§  17. 

speciallj  adapted  to  bear  the  reproductive  organs,  in  the  one  case 
sexaal,  in  the  other,  asexual.  And  just  as  an  axis  of  the  sporo- 
phore  bearing  one  or  more  sporangia  (whether  directlj  or  on  spon- 
phylls)  is  termed  a  flower, and  the  sporophore  itself  an  inflorescence  ; 
so  these  terms  may  be  applied  to  the  gametophore,  though  the 
physiological  differences  between  the  sporangia  and  gametangia 
must  be  borne  in  mind.  It  has,  in  fact,  long  been  customary  witH 
reference  to  Mosses,  to  speak  of  the  sori  of  sexual  organs,  with 
their  pericheetia,  as  "  flowers." 

(d.y  The  distribution  of  the  Sexual  Organs,  The  male  and  female 
organs  are  either  borae  by  the  same  gametophyte,  or  they  are 
borne  by  distinct  male  or  female  gametophytes ;  in  the  former 
case  the  organism  is  said  to  be  moncecioiMy  in  the  latter  dioscious. 

The  following  are  instances  of  moncRcioit$  gametophytes : — 

Alga ;  Volvox  Olobator,  Bhynconema  (Zygneraese),  Vaucheria,  SphsBroplea, 

Ooleoshiete,  some  species  of  Ohara  and  Nitella,  Fucus  platycarput,  Hali- 

drys,  Cystoseira,  Pycnophycus. 
Fungi ;  monoecism  is  the  mle. 
Muscinea  ;  essentially  monoecious. 

Pteridophyta ;  homosporous  forms  generally  monoecious,  except  Equisetom. 
The  following  are  instances  of  dictclou$  gametophytes : 
Alga;   Volvox  minor^  Eudorina,  GonjngataB  generally,  Cutleria,  most  species 

of  Fucus,  Ozothallia  (Ascophyllum),  most  Bed  Algas. 
Pteridophyta;    Equisetom,    and    all  heterosporous    forms  (Hydropteridcae, 

Isoetacen,  Selaginellacera). 

The  Phanerogams  have  not  been  included  in  the  preceding  list, 
for  the  conditions  which  obtain  among  them  in  this  respect  are 
peculiar,  and  demand  sepai*ato  consideration.  Inasmuch  as  the 
Phanerogams  are  heterosporous,  they  are  essentially  dioecious,  since 
each  kind  of  spore  produces  its  corresponding  male  or  female 
gametophyte.  But  in  consequence  of  the  fact  (see  p.  74)  that  the 
macrospore  is  not  set  free,  but  remains  attached  to  the  sporophyte, 
and  germinates  in  that  position,  the  female  gametophyte  is 
attached  to  the  sporophyte.  On  this  account,  and  on  account  of 
the  rudimentary  development  of  the  male  gametophyte  (pollen- 
tube),  the  spores,  that  is  the  pollen- grain  and  the  embryo-sac, 
have  come  to  be  inaccurately  regarded  as  sexual  reproductive  cells, 
and  the  stamens  and  carpels,  which  are  really  sporophylls,  as 
sexual  reproductive  organs.  Hence  a  Phanerogam  is  said  to  be 
monoecious  when  the  same  individual  bears  both  stamens  and 
carpels,  dioecious  when  they  are  borne  by  distinct  individuals. 
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Monoecisin,  in  this  sense,  is  the  general  mle  in  PhanerojB^ms  ;  but 
dioecism  obtains  in  the  Cjcadaceae,  the  Taxe»,  the  AraucariesD, 
some  JaniperinaB,  and  Ephedra,  among  Gymnosperms;  and  in 
rarions  Angiosperms,  such  as  Naias,  the  Pandanaceto,  some  Palms, 
Cannabinacese,  SalicaceaB,  Ancnba,  etc. 

When  in  moncBcions  plants  the  male  and  female  organs  are  both 
pr^ent  in  the  same  sorus,  as  in  some  Algee  (e.g.  Fucus  platycarpiiSy 
Halidrjs,  and  other  monoecious  Fncaceae)  and  in  some  Mosses,  the 
soros  is  said  to  be  bisexual  or  hermaphrodite,  and  the  plant  is  said 
to  be  fnotwclinous;  when  they  are  borne  in  different  sori  on  the 
name  plant  {eg,  in  Hepaticse  generally,  some  Mosses),  the  soras  is 
fiaid  to  be  unisexual,  male  or  female  as  the  case  may  be,  and  the 
plant  diclinous.  These  terms  are  also  applied  to  the  flowers  of 
Phanerogams  in  accordance  with  the  foregoing  explanation; 
diclinism  is  the  rale  in  the  Gymnospcrms,  and  it  occurs  also  in 
Tarious  Angiosperms. 

§  18.  Apospory  and  Apogamy.  Although  it  is  the  rule  that 
the  gametophyte  springs  from  the  spore  produced  asexually  by  the 
sporophyte,  and  that  the  sporophyte  springs  from  the  spore  pro- 
duced sexually  by  the  gametophyte,  yot  the  transition  from  the 
one  generation  to  the  other  may  bo  effected  otherwise. 

In  some  eases  vegetative  reproduction  is  substituted  for  repro- 
duction by  an  asexually-produced  spore :  this  process  is  termed 
Apospory,  Thus  in  some  Ferns  (e,g.  Atkynum  Filix  foemina)  the 
gametophyte  (prothallium)  is  produced  directly  by  budding  from 
the  leaves  of  the  sporophyte. 

In  other  cases,  either  .vegetative  reproduction,  or  reproduction 
by  asexually-produced  spores,  is  substituted  for  reproduction  by 
sexually-produced  spores :  this  process  is  termed  Apogamy,  dis^ 
tingnished  in  the  one  case  as  vegetative  apogamy,  and  in  the  other 
as  parthenogenetic  apogamy  or  parthenogenesis.  Examples  of 
v^etative  apogamy  are  afforded  by  some  Ferns  (e,g,  Pteris  cretica) 
where  the  sporophyte  is  developed  as  a  bud  upon  the  gametophyte ; 
and  also  in  certain  Ascomycetous  Fungi  where  the  sporophyte 
(ascocarp)  is  directly  developed  upon  the  mycelium ;  in  neither 
case  is  there  any  development  of  sexual  organs.  Examples  of  par- 
thenogenetic apogamy  are  afforded  by  the  SaprolegniaceaB,  where, 
although  oogonia  are  developed,  there  is  no  fertilisation,  but  the 
cells  (corresponding  to  oospheres)  contained  in  the  oogonia  ger- 
minate as  though  they  were  oospores; and  also  by  certain  Ascomy- 
cetes  where  the  archicarp  developes  without  fertilisation  into  an 
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ascocarp.  In  either  case  the  result  is  that  a  sporophyte  is  de- 
veloped from  that  which  either  is,  or  represents,  a  gamctophjte, 
without  the  intervention  of  a  sexaal  process. 

§  19.  The  Fruit.  Although  the  forms  of  fruit  occurring^ 
among  plants  are  so  various  in  their  form  and  in  their  structure, 
it  is  possible  to  include  them  all  in  a  single  definition.  A  fruit  is 
the  product  of  a  process  of  growth  initiated  as  a  consequence  of 
a  sexual  act  in  structures  which  are  not  themselves  immediately 
concerned  in  the  sexual  act. 

To  begin  with  instances  among  the  lower  plants,  the  cjstocarp 
of  the  Red  Algae  and  the  ascocarp  of  the  Ascomjcetous  Fungi  are 
fruits.  In  these  cases  the  effect  of  the  fertilisation  of  the  female 
organ  is  not  merely  that  the  female  organ  gives  rise  to  sporangia 
(carposporangia  in  the  one  case,  asci  in  the  other) ;  but  the  ad- 
jacent vegetative  tissues  are  stimulated  to  growth,  forming  an 
investment  to  the  structures  developed  directly  from  the  fertilised 
female  oi-gan,  the  whole  constituting  a  fruit. 

Similarly,  in  the  Bryophy ta,  and  to  a  less  extent  in  the  Pterido- 
phyta,  the  effect  of  the  fertilisation  of  the  oosphere  is  not  merely 
to  cause  the  formation  of  an  oospore  and  the  development  of  an 
embryo,  but  the  wall  of  the  archegonium  is  stimulated  to  fresh 
growth  and  forms  an  investment,  the  calyptra,  which  encloses 
the  embryo-sporophyte  for  a  longer  or  shorter  period,  the  whole 
constituting  at  this  stage  a  fruit. 

The  most  remarkable  instances  of  fruit-formation  are,  however, 
to  be  found  in  the  Phanerogams.  Here,  as  a  result  of  the  fertilisa- 
tion of  the  oosphere,  various  parts  of  the  flower  are  stimulated  to 
growth ;  most  commonly  it  is  only  the  macrosporophylls  (carpels) 
which  are  so  affected,  but  the  stimulating  influence  may  extend  to 
the  perianth-leaves  or  to  the  axis  of  the  flower,  the  resulting  tissues 
being  either  hard  and  woody,  or  soft  and  succulent  (see  Part 
III.,  under  Phanerogams).  The  peculiar  feature  of  the  fruit  of 
these  plants,  as  contrasted  with  those  of  the  lower  plants,  is  that 
here  the  tissues  affected  all  belong  to  the  sporophyte,  whereas  in 
the  lower  plants  they  belong  to  the  gametophyte:  this  is  the 
necessary  result  of  the  peculiar  relation  of  the  female  gametophyte 
to  the  sporophyte  which  obtains  in  the  Phanerogams  (see  p.  86). 

§  20.  The  Seed.  As  this  is  a  structure  which  is  peculiar  to 
Phanerogams,  its  morphology  is  discussed  in  connection  with  that 
group  (see  Part  III.,  p.  458). 
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PART  ir. 

THE  INTIMATE  STRUCTURE  OF  PLANTS. 

(Anatomy  and  Histology). 

§  21.  Introductory.  The  body  of  a  plant,  like  that  of  an 
animal,  consists  essentially  of  living  matter  termed  protopla»in. 
The  body  may  consist  simply  of  a  mass  of  protoplasm,  as  the  plas- 
modiufti  of  the  Myxomycetes ;  or  it  may  consist  of  a  mass  of  proto- 
plasm invested  at  the  surface  by  a  definite  membrane  which  is  not 
protoplasmic  (e.g.  Phycomycetoos  Fangi  and  Siphonaceoas  Algae)  ; 
or  it  may  consist  of  a  mass  of  protoplasm  segmented  into  portions 
by  non-protoplnsmic  partition-walls.  A  body  of  this  last  type  of 
stractare  may  be  conveniently  distinguished  as  septate,  from  those 
of  the  two  former  types  which  are  unseptate. 

On  examining  the  protoplasm  of  any  plant,  it  will  be  foand  to 
contain  certain  well-de6ned  protoplasmic  bodies  termed  nuclei ;  it 
is,  in  fact,  the  case  that  all  protoplasm  is  nacleated.  In  an  un- 
Reptate  body,  such  as  those  mentioned  above,  the  nuclei,  which  are 
very  numerous,  are  scattered  irregularly  throughout  the  proto- 
plasm. In  the  septate  body  of  certain  plants  (e.g.  higher  Fungi ; 
some  Algse,  such  as  Cladophora  and  Hydrodictyon)  the  septation  of 
the  body  and  the  distribution  of  the  nuclei  stand  in  no  direct  rela^ 
tion  to  each  other,  the  protoplasm  being  segmented  into  portions 
each  of  which  includes  a  number  of  nuclei ;  such  a  plant- body  may 
be  designated  as  incompletely  septate.  In  the  rest  of  the  septate 
plants,  the  septation  of  the  protoplasm  and  the  distribution  of  the 
nuclei  stand  in  a  direet  relation  to  each  other,  such  that  each  of 
tho  portions  into  which  the  protoplasm  is  segmented  contains 
but  a  single  nucleus ;  a  plant-body  of  this  structure  may  be  des- 
cribed as  completely  septate. 

The  portions  of  protoplasm  which  are  delimitated  by  the  septa  in 
the  body  of  a  completely  septate  plant,  are,  both  morphologically 
and  physiologically,  units  of  protoplasm.  They  are  frequently 
spoken  of  as  cells^  but  it  is  more  accurate  to  reserve  this  term  to 
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the  protoplasmic  unit  together  with  the  wall  (cell-wall)  by  which 
it  is  invested,  and  to  term  the  protoplasmic  unit  an  energid. 
The  structure  of  the  body  or  any  part  of  it  can  only  be  accurately 
described  as  cellular  when  it  consists  of  one  or  more  such  cells, 
that  is,  when  it  is  either  unicellular  {e.g.  Yeast,  HsBmatococcaa, 
etc.)  or  multicellular.  The  body  of  an  unseptate  plant  (such  as 
the  Phycomycetous  Fangi  and  the  Siphonaceous  Algsa),  as  also 
a  segment  of  the  body  of  an  incompletely  septate  plant  (such  as 
Cladophora,  Hydrodickyon,  etcX  is  not  a  single  cell,  but  is  an 
aggregate  of  protoplasmic  units  (energids)  enclosed  within  a 
common  wall.  Such  a  body,  or  part  of  a  body,  may  be  con- 
veniently distingnished  as  a  cosnocyte,  and  the  plants  in  which  it 
occurs  may  be  said  to  have  co&nocytic  structure. 

Even  in  typically  cellular  plants  structures  occur  which  are 
coenocytic.  Thus,  in  the  early  stages  of  its  development  in  the 
embryo-sac  of  a  Phanerogam,  the  endosperm  is  generally  unsep- 
tate, consisting  of  a  layer  of  protoplasm  with  many  nuclei  scattered 
through  it;  it  eventually  becomes  a  cellalar  tissue  by  the  delimit- 
ation of  the  constituent  energids  by  means  of  cell- walls.  But  even 
when  the  cell-walls  are  formed,  they  do  not  always  enclose  single 
energids  ;  in  Corydalis  cava^  for  instance,  the  net-work  of  cell-walls 
encloses  several  energids  in  each  mesh,  so  that  the  structure  of  the 
endosperm  is  at  first  coenocytic;  eventually,  however,  the  nuclei  in 
each  coenocyte  fuse  together  until  only  one  remains,  and  in  this 
way  the  transition  from  coenocytic  to  cellular  structure  is  effected. 
Again,  a  " laticiferous  cell*'  of  a  Euphorbia  (and  other  Phanero- 
gams) is  essentially  a  coenocyte  like  the  body  of  a  Vaucheria  or  a 
Botrydium. 

On  the  other  hand,  there  is  such  a  thing  as  a  multinucleate 
ceU.  It  has  been  observed,  for  instance,  in  old  intemodal  cells  of 
Chara,  and  in  old  parenchymatous  cells  of  Lycopodium  and  of 
various  Phanerogams  (e.g.  Tradescantia,  Taraxacum,  Cereus,  Sola- 
num,  etc.)  that,  from  being  uninucleate,  they  become  multinucleate 
by  the  direct  division  or  fragmentation  of  the  nucleus  (see  p.  96). 

The  distinction  between  a  coenocyte  and  a  multinucleate  cell 
would  appear  to  be  this:  that  the  former  is  either  multinucleate 
from  the  first  or  becomes  so  at  a  very  early  stage  in  its  develop- 
ment, whilst  the  latter  becomes  multinucleate  at  a  quite  late 
period  ;  and  further,  that  in  the  coenocyte  the  nuclei  multiply  by 
indirect  division  (see  p.  97),  whereas  in  the  multinucleate  cell 
they  multiply  by  direct  division  or  fragmentation. 
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There  is  another  kind  of  stirncture  occnrring  in  cellular  plants 
which  has  to  be  distinguished  from  both  the  cell  and  the  ecenocyte : 
that  is  the  syncyte.  This  structure  is  developed  from  already- 
formed  cells  by  an  absorption,  more  or  less  complete,  of  the  cell- 
walls,  which  places  the  cavities  of  the  adjacent  cells  in  direct  con- 
tinuity. The  commonest  case  of  this  occurs  in  the  development  of 
vessels,  where  the  transverse  septa  of  a  longitudinal  row  of  cells 
are  absorbed  so  that  a  continuous  tube  is  formed. 

But  even  in  the  fully-developed  cellular  plant-body  it  appears  to 
be  very  frequently  the  case  that  the  energid  in  one  cell  is  not 
absolutely  cut  ofF  from  those  of  the  adjacent  cells,  but  that  there 
is  continuity  of  the  pro- 
toplasm ;    that   is,  that 
the  protoplasm  of  one 
cell   is  connected  with 
that  of  the  contiguous 
cells  by  means  of  very  , 
delicate      protoplasmic 
fibrils    which    traverse 
the  pits  or  pores  of  the 

intervening     cell -walls  ^ 

(Fig.  45).  This  con- 
nectiou  appears,  how- 
ever, to  exist  from  the 
first  development  of  the 
cells,  and  thus  differs 
from  the   case   of   the 

,  ,  FfO.  48  (liighly  mftgnified,   after  Gardiner).  — CDn- 

syncyte   where   the  ab-       tinoity  of  the  protoplwin  of  contiguous  cells  of  the 
sorption    of    the    inter-       etidosperm  of  a  Palm-seed  (Bentinckia) :  a  contracted 
II         ,1       .  protoplasm  of  a  cell ;  h  a  group  of  delicate  protoi-lasmic 

venmg    cell-walls    is    a      ubrils  passing  through  a  pit  in  the  cell-walL 
secondary  process. 

The  term  tissue  is  generally  applied  to  any  continuous  aggregate 
of  cells  (or  of  coenocytes)  ;  but  it  is  essential  to  define  the  term 
more  accurately.  A  true  tissue  is  an  aggregate  of  cells  (or  of 
coenocytes)  which  (I)  have  a  common  origin,  whether  formed 
simultaneously  (e.g.  development  of  endosperm  of  Phanei-ogams), 
or  successively,  as  in  the  case  of  a  tissue  developed  from  a  grow- 
ing-point ;  which  (2)  are  coherent  from  the  first  and  are  governed 
by  a  common  law  of  growth  ;  and  which  (3)  are  physiologically 
interdependent  and  cannot,  in  fact,  exist  otherwise  than  as  part 
of  the  tissue. 
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This  definition  may  be  farther  illustrated  by  the  consideration  of  aggregates 
of  cells  (or  of  coenocytes)  which  do  not  constitute  true  tissue.  For  instauoe, 
the  body  of  Hydrodictyon  consists  of  a  number  of  coherent  coenocytes  which 
vere  originally  free  cells,  and  which  are  physiologically  independent ;  similarly 
the  cells  forming  the  body  of  a  Spirogyra  do  not  constitute  a  true  tissue,  on 
account  of  their  physiological  independence.  In  the  higher  Fungi  {e.g.  Agari- 
cus)  a  nearer  approach  to  a  true  tissue  is  made  by  the  aggregation  of  filaments 
(hyplue)  of  the  mycelial  body  into  masses  such  that  the  growing-points  of  the 
Affg^egated  hyphsB  form  a  collective  apical  growing- point.  These  various  forms 
of  cell-aggregation  may  be  distinguished  as  spurioits  titittes. 

The  tissne,  true  or  spurious,  of  which  the  body  of  a  plant  con- 
sists may  be  either  homogeneous  or  heterogeneous ;  that  is,  the  cells 
(or  the  coenocytes)  may  be  all  alike,  constituting  therefore  but  one 
kind  of  tissue;  or  they  may  not  be  all  alike,  the  different  kinds  of 
cells  being  more  or  less  grouped  together  so  as  to  form  difFerent 
kinds  of  tissae.  A  body  which  consists  of  different  kinds  of  tissues 
is  said  to  be  histologically  differentiated. 

The  structural  differences  between  the  various  forms  of  tissue 
in  a  histologically  differentiated  body  are  essentially  connected 
with  the  special  adaptation  of  each  form  of  tissue  to  the  per- 
formance of  some  particular  function  in  the  economy ;  their  differ- 
ences are,  in  fact,  evidence  of  their  physiological  interdependence. 
In  a  histologically  undifferentiated  body  (e.g.^  Hydrodictyon, 
Spirogyra,  etc.),  the  cells  (or  coenocytes)  are  all  similar  because 
they  all  have  to  dischai'ge  similar  functions ;  in  fact,  each  cell 
(or  coenocyte)  discharges  all  the  functions  of  a  living  body  ;  at 
first  nutritive  in  function,  it  closes  its  existence  as  a  reproduc- 
tive organ.  A  body  such  as  this,  consisting  of  physiologically 
independent  structural  units,  is  distinguished  as  a  camohium. 

It  is  a  remarkable  fact  that,  whilst  the  cells  of  the  various 
tissues  of  a  histologically  differentiated  body  present  characteristic 
peculiarities  of  form,  size,  and  relative  arrangement,  the  most 
striking  distinctive  peculiarities  are  exhibited,  not,  as  in  animals, 
by  the  protoplasm  of  the  cells,  but  by  the  cell- walls  in  respect  of 
their  thickness,  their  chemical  composition  and  physical  properties, 
and  their  markings  (p.  103). 

Inasmuch  as  the  cellular  plants  are  the  more  numerous,  and 
present  greater  variety  of  structure,  the  following  account  deals 
almost  exclusively  with  them.  And  since  the  cell  is  the  structural 
unit  of  these  plants,  it  will  be  advantageous  to  study  the  cell  aa 
such  first,  and  then  to  proceed  to  the  study  of  the  tissues. 
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CHAPTER  I. 


THE   CELL. 


§  22.  The  Structure  and  Form  of  the  Cell.  In  a  f ollj 
developed  living  cell  the  following  three  principal  constituentB 
may  be  distinguished  (Fig.  4^  B  C  and  D)  : — 

(1)  A  closed  membrane,  the  cell-wall  (^),  consisting  generally  of 
a  substance  termed  cellulose. 

(2)  A  layer  of  gelatinous  substance,  the  protoplasm  (jp),  lying  in 
close  contact  at  all 
points  with  the 
internal  surface 
of  the  cell-wall; 
the  protoplasm 
gives  the  chemi- 
cal reactions  of 
proteid.  In  it 
lies  a  nucleus  (A:), 
in  which  one  or 
more  smaller 
bodies,  nucleoli 
(kk)  may  generally 
be  distinguished. 

(3)  Cavities, 
one  or  more,  in 
the  protoplasm, 
termed  vacuoles 
(#),  which  are 
filled  with  a  wa. 
tery  liquid,  the 
cell-sap. 

The     structure 
of  a  coenocyte  is 
essentially  the 
same  as  that  just  described,  except  that  several  (sometimes  very 
many)  nuclei  are  present. 

The  young  cell  presents  a  somewhat  different  appearance  (Fig. 
46  A),  At  this  stage  the  protoplasm  occupies  the  whole  cell- 
cavity.  But,  in  the  subsequent  development  of  the  cell,  the  in- 
crease in  bulk  of  the  protoplasm  does  not  keep  pace  with  the 


Fio.  46. — Cells  ftnd  their  Btrncturo.  A  Tonng  cells  from  the 
orary  of  Symphoriearpm  rae«nio«ti«(x  300);  B  colls  from  an 
older  ovary  of  the  same  plant  ( x  300) ;  C  and  I>  from  the  fruit 
of  the  same  plant  ( x  100) ;  h  cell-wall ;  p  protoplasm :  fc 
nnclens;  kk  nacleolus;  •  vacuole.  In  C  there  is  a  single 
Urge  vacuole,  the  whole  of  the  protoplasm  forming  the  parietal 
layer.  In  D  there  are  several  vacuoles,  and  the  nucleus  lies  in 
a  central  mass  of  protoplasm  connected  with  the  parietal  layer 
by  numerous  strands. 
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saperlicial  growth  of  the  cell-wall.  Hence,  since  the  protoplasm 
must  remain  in  contact  with  the  cell-wall  at  all  points,  the  resalt 
is  that  cavities,  the  vacuoles,  are  formed  which  become  filled  with 
cell-sap  (Fig.  46  B),  The  vacuoles,  small  at  first,  increase  with 
the  growth  of  the  cell,  and  may  fuse  together  to  a  greater  or  less 
extent  owing  to  the  gradual  withdrawal  of  more  and  more  of  the 
protoplasm  into  the  now  extensive  parietal  layer. 

Cells  such  as  these  are  examples  of  the  kind  of  cells  which  com- 
pose the  succulent  parts  of  plants,  such  as  the  cortex  of  stems  and 
roots,  the  tissue  of  leaves,  succulent  fruits,  etc.,  in  fact  the  bulk  of 
the  actually  living  tissues  of  the  plant.  In  the  higher  plants  it  is 
generally  the  case  that  a  considerable  number  of  the  cells  of  the 
body  eventually  lose  the  whole  of  their  proper  contents,  contain- 
ing, in  fact,  nothing  but  air  or  water;  such  are  cork-cells  and 
vascular  wood-cells.  Such  structures  are  no  longer  living  cells, 
bat  are  merely  their  skeletons,  and  are  of  use  only  in  virtue  of  the 
mechanical  properties  of  their  cell- walls. 

On  the  other  hand,  there  are  frequently  found  in  connection 
with  the  processes  of  reproduction,  what  have  been  termed 
pniuordial  cellsy  such  as  zoospores,  zoogonidia,  gametes,  sperma- 
tozoids,  and  oospheres  (see  p.  69  and  p.  80),  each  of  which  is 
simply  an  energid,  or  rarely  a  complex  of  several  energids  (e.g.j 
zoogonidiura  of  Vaucheria),  without  any  cell-wall,  though  the 
zoospores  and  zoogonidia  eventually  secrete  a  cell- wall  when  they 
come  to  rest,  as  do  also  the  oospheres  after  fertilisation. 

The  size  and  form  of  the  cell  vary  widely.  While  some  cells 
are  so  small  that  little  more  than  their  outline  can  be  discerned 
with  the  help  of  the  strongest  magnifying  power  (about  O'OOl  of 
a  millimetre  in  diameter),  others  obtain  a  considei^able  size  (from 
01  to  0*5  millim.),  so  as  to  be  distinguishable  even  by  the  naked 
oye  (eg.y  in  pith  of  Dahlia,  Impatiens,  Sambucus).  Many  grow 
to  a  length  of  several  centimetres,  as  the  hairs  upon  the  seed  of 
Gossypium  (cotton) ;  and  if  coenocytes  be  included,  such  as  the 
laticiferous  tubes  of  the  Euphorbiaceaa,  the  Siphonaceous  Algae, 
and  the  Phycomycetous  Fungi,  very  much  larger  dimensions  in 
length  are  attained. 

The  Form  of  such  cells  as  constitute  an  entire  individual,  or 
exist  independently,  not  forming  part  of  a  tissue  (e.g,  spores),  is 
geneittlly  spherical,  or  ovoid,  or  cylindrical.  The  various  organs 
of  highly  organised  plants  consist  of  many  varieties  of  cells,  and 
even  in  the  same  organ  cells  lie  side  by  side  which  are  of  very 
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different  form.  The  two  main  types  of  cells  are,  first,  such  as  are 
spheroidal  or  polyhedral,  with  nearly  equal  or  slightly  differing 
diameters  (Fig.  46),  as  in  pith,  juicy  fruits,  fleshy  tubers ;  and 
secondly,  such  as  are  narrow  and  greatly  elongated  (Fig.  94),  as 
in  the  case  of  fibres. 

§  23.  The  Protoplasm.  The  protoplasmic  contents  of  a 
cell  present  certain  clearly  differentiated  portions.  In  the  first 
place  there  is  a  nucleus ;  closely  associated  with  the  nucleus  is  a 
body  termed  the  c^ntro^phere ;  and  finally,  there  are  more  or  less 
numerous  plaslids.  These  all  lie  in  the  general  protoplasm  of  the 
cell  which  may  be  distinguished  as  the  cytoplasm, 

a.  The  Ctjtoplasm  is  of  yiscid  tenacious  consistence,  but  it  is  not 
a  fluid.  Chemical  examination  shows  that  it  consists  (at  least, 
when  dead)  of  proteid  substance,  and  apparently  of  a  single  such 
substance  termed  cytoplasUn ;  ii;itimately  associated  with  this  are 
varying  quantities  of  other  organic  substances,  such  as  other 
proteids,  fats,  and  carbohydrates,  together  with  water,  and  a 
small  proportion  of  inorganic  ash-constituents.  As  it  is  the  seat 
of  all  the  nutritive  processes  of  the  cell,  it  must  obviously  contain 
at  different  times  all  the  various  chemical  substances  which  enter 
into,  or  are  formed  within  the  cell. 

The  cytoplasm,  apart  fi-om  the  granules  of  foreign  matter 
generally  present  in  it,  may  be  distinguished  as  cyto-hj/aloplasntf 
of  which  the  delicate  firmer  superficial  layer  of  the  cytoplasm, 
known  as  the  ectoplasm,  solely  consists.  As  a  rule,  the  cyto- 
hyaloplasm  is  distinguishable  into  the  formative  cy to- hyaloplasm 
or  kittoplasm^  and  the  nutritive  cyto-hyaloplasm ;  the  former  is 
always  intimately  associated  with  the  nucleus,  and  is  active  in  the 
processes  of  cell-formation ;  the  latter  constitutes  generally  the 
main  bulk  of  the  cyto-hyaloplasm.  It  would  appear  that  the 
capacity  of  a  cell  for  growth  and  multiplication,  that  is,  the 
embryonic  condition  of  the  cytoplasm,  must  depend  upon  the 
presence  of  a  certain  proportion  of  kinoplasm. 

6.  The  Nucleus  is  always  situated  in  the  cytoplasm,  and,  in 
actively  gi-owing  cells  at  least,  in  the  kinoplasm.  It  consists  of 
various  proteid  substances.  Its  structure,  when  at  rest,  may  be 
generally  described  as  follows.  It  is  bounded  at  the  surface  by  a 
membrane  which  belongs,  however,  to  the  cytoplasm,  or,  more  ac- 
curately, to  the  kinoplasm.  It  consists  mainly  of  a  semi-fluid  clear 
ground-substance,  the  nucleo-hi/aloplasm,  which,  from  the  chemical 
point  of  view,  is  a  substance  termed  paralinin.     In  the  nucleo- 
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Fio.  47.— Rebtitig  nucleus 
from  the  young  endosperm 
of  Frilillaria  impenaXU 
(after  Strasbarger :  x  1000) ; 
showing  the  fibrillar  net- 
work with  its  chromjttin- 
granules,  and  several  nu- 
cleoli. 


hyaloplasm  lies  a  fibrillar  network  consisting  of  a  substance  termed 
linln,  in  which  are  distributed  a  number  of  granules  of  a  substance 
termed  chromatin.  One  or  more  small 
gi'anules,  termed  fiucleoli,  are  to  be  seen 
lying  in  the  ground-substance,  and  consist 
of  a  substance  termed  pyrenin.  On  treat- 
ing the  nucleus  with  staining  reagents,  the 
fibrillar  network  becomes  stained  on 
account  of  the  absorption  of  the  colouring- 
matter  by  the  chromatin-granules,  as  also  do 
the  nucleoli.  Its  form  is  most  commonly- 
spherical,  but  it  may  be  lenticular,  or 
elongated,  and  straight  or  curved. 

A  formation  of  a  nucleus  de  novo  does 
not  take  place  under  any  circumstances ; 
hence  all  the  nuclei  in  a  plant  have  been 
derived  by  repeated  division  from  the  nu- 
cleus of  the  spore  from  which  the  plant  has  developed.  The 
division  of  the  nucleus  may  be  either  direct  or  indirect  (mitotic) ; 

in  all  cases  it 
divides  into 
not  more  than 
two  parts. 

Direct  divi- 
sion or  frag- 
mentation of 
the  nucleus 
commonly  oc- 
curs in  old 
cells  (see  p. 
90),  which 
then  become 
multinucle- 
ate ;  it  is  not 
associated 
with  cell-divi- 
sion. So  far 
as     the     pro- 

Fio.  48.— Direct  nuclear  division,  in  cells  of  old  internodes  of  cess  has  been 
Traieacantia  virginica:  A  drawn  from  fresh  material;  B  isolated  investigated 
nuclei,  after  treatment  with   acetic  meth3'1-green.    (After  Stras-       .  .        ' 

burger:   x610.)  it      COnsists 


Digitized  by 


Google 


§  23.]  CHAPTEB   I. — THR   CELL.  97 

81  m  pi  J  in  the  cooBtriction  of  the  nncleas  into  two  halves  (Fig. 
46). 

In  direct  or  mitotic  division  of  the  nucleus  is  generally  associated 
with  cell-division;  in  coenocjtes,  however,  the  indirect  nnclear 
division  is  not  followed  bj  cell-division,  but  each  division  results 
simply  in  a  corresponding  increase  in  the  number  of  protoplasmic 
units  present  (energids,  see  p.  90).  The  description  of  this 
mode  of  nnclear  division  'is  included  in  the  account  of  cell- 
division  (p.  118). 

c.  The  Centrosphere,  though  a  perfectly  independent  body,  is 
always  closely  associated  with  the  nucleus.  It  is  spherical  in 
form,  and  consists  of  a  central  particle  (the  centrosome),  surrounded 
by  a  considerable  hyaline  area,  limited  by  a  granular  outline.  It 
undergoes    division    in     connection 

with  the  division  of  the  nucleus,  as 
described  in  the  section  dealing  with 
that  subject.  It  appears  that  there 
are  normally  two  of  these  bodies 
associated  with  the  nucleus,  lying 
close  together  (Fig.  49)  in  the  kino- 
plasm. 

d.  The  Flasiids  are  differentiated 
portions  of  the  protoplasm  which, 
like  the  nucleus,  are  not  formed  de 

fkwo,  but  multiply  by  division.  Their  p,g,  «.-Yoniiff  poiien-grain  of 
form  varies  widely.     Structurally,      Laiam  MaHagon,  showing,  c  two  oen- 

.,  .  •  i.      f  J         trospiierea,  and  n  the  restinenucleoA. 

they  seem  to  consist  of  a  ground-      (^rGui^d:  x760.) 
substance    with    imbedded    fibrils, 

denser  at  the  sui*face.  Chemically,  they  have  been  described  as 
consisting  of  two  proteid  substances ;  the  one,  termed  ckloroplastiriy 
constitutes  the  ground-substance,  and  seems  to  be  similar  to  the 
cytoplastin  of  the  cytoplasm;  the  other,  termed  metaxin,  is  the 
material  of  the  fibrils,  and  appears  to  be  altogether  peculiar  to  the 
plastids. 

The  plastids  may  either  be  colourless,  when  they  are  termed 
leucoplastiih ;  or  coloured,  when  they  are  termed  chromatophores. 
The  chromatophores  are  distinguishable  as  chloropladids,  when  they 
contain  the  green  colouring- mat terc/iZorop/«yZ/;  or  as  chromoplastids 
when  they  contain  no  chlorophyll,  but  some  other  colouring- 
matter.  Plastids  are  not  found  in  the  Fungi,  nor,  apparently,  in 
the  Cyanophyccse  among  the  Algaa. 

T.  s.  B.  H 
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The  Leucoplastids  majr  be  spheroidal,  fusiform,  or  cylindrical  in 
shape ;  they  are  especially  nnmeroos  in  the  neighbourhood  of  the 
.  nucleus.       In    ports    of 

^  plants  which,  in  the  or- 

dinary course,  eventually 
become  exposed  to  light, 
the  leucoplastids  de- 
velope  into  chloroplas- 
tids.  Convei'sely,  when 
a  part  which  is  normally 
exposed  to  light  is  kept 
in  darkness,  the  chloro- 
pbistids  become  replaced 
by  leucoplastids.  The 
essential  function  of  the 
leucoplastids  is  to  form 
starch -grains. 

The  Ghloroplaetids  or 
Chlorophyll-bodies,  are  of 
various  form.  The  cha- 
racteristic feature  of 
them  is  their  function, 
which  is  twofold.  In 
the  first  place,  they  can, 
like  the  leucoplastids,  generally  produce  starch-grains ;  in  the 
second  place,  they  are  capable,  in  virtue  of  the  colouring-matter 
present  in  them,  of  constructing  organic  substance  from  carbon 

dioxide  and  water  under  the  in- 
fluence of  light  (see  Part  IV.). 
Their  function  is  thus  not  only 
starch-forming  or  amyloplastic,  but 
also  assimilatory.  These  two 
functions  may  be,  and  usually  are, 
carried  on  simultaneously ;  hence 
when,  under  the  influence  of  light, 
organic  substance  is  being  pro- 
duced in  the  chloroplastid,  it 
p,L"i.^■^r^'«t^J::^i     — "^  ^^mes  eUed  with  starch. 

Starch-grain,  collected  roand   the  nn-      grains,  and    sometimes   to  SUch    an 

^J.^''u.T'^^!Y^^^.T^'^^''V[^     extent  that  the  substance  of  the 

Orchid    {Phajw   grandi/oUw).     (x860: 

after  Schimper.)  chloroplastid  constitutes   but  the 


Fio.  60.— OhIoroplastldB  in  the  cjtoplasm  of  the 
cells  of  the  prothallium  of  a  Fern.  A  Optical  section 
of  the  cells ;  B  part  of  a  cell  seen  from  the  snrfaoe. 
Some  of  the  plasUds  have  begun  to  divide  ( x  400). 
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wait  of  a  vesicle  (Fig.  52).  Bat  stai'ch-grains  may  be  formed  in  a 
chloroplastid,  as  in  a  lencoplastid,  in  the  absence  of  light ;  the 
organic  snbstance  required  for  the  bailding-up  of  the  starch-grain 
being  not  produced  in  the  chloroplastid  itself,  but  supplied  from 
other  parts  of  the  plant. 

These  plastids  are  termed  chhro' 
plcutidsj  because  the  colouring-matter 
npon  which  their  assimilatorj  func- 
tion depends  is  most  commonly  the 
familiar  green  colouring-matter,  chlo- 
rophyll. But  they  are  not  always 
green.  In  some  of  the  AlgcB  they  are 
red  or  brown,  because  in  addition  to 
chlorophyll  there  is  present  in  the 
one  case  (Rhodophyceae),  a  red 
colouring-matter,  phycoerythi-in^  and 
in  the  other  (PhseophyceflB)  a  brown 
colouring-matter,  phycoxanthin  or  phy- 
cophsnn.  These  substances  are,  how- 
ever, related  to  chlorophyll. 


Fio.  62.— IfloUtted  chloroplastids  irith 
tturehy  contento  from  the  leaf  of  Fvknat-ia 
hygrotMtrica  (550).  a  A  young  corpuscle; 
b  an  older  one,  h'  and  h"  have  begun  to 
divide ;  edt  old  corpuftdea  in  which  the 
starchy  contents  fill  almost  the  whole 
space ;  /  and  y  after  maceration  in  water 
by  which  the  subetance  of  the  corpuscle 
has  been  destroyed  and  only  the  starchy 
contents  remain.    (After  Sachs.) 


Fm.  53. — Cladophora  glovMrata 
(after  Strasburger  :  x  5i0).  A 
tfcenocyte  of  the  filament  (chromic 
acid  and  carmine  preparation) : 
n  nucleun;  ch  chloroplastid;  the 
polygonal  cbloroplastids  form  a 
oontinuoas  Uyer,  the  outlines  of 
the  individual  plastids  remaining 
visible;  p  pyrenoids;  v  starch- 
grains. 


When  the  colouring-matter  is  dissolved  out  by  alcohol  or  some 
other  solvent,  the  protoplasmic  plastid  is  left  colourless,  but  un- 
changed in  form  or  size.     The  chlorophyll  appears  to  exist  in  an 
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oily  solutioD,  and  to  be  confined  to  the  fibrillar  portions  of  the 
plastid,  in  the  form  of  di-oplets  (grana). 

The  most  common  form  of  chloroplastid — the  only  one  occnrrinj^ 
in  the  higher  plants— is  the  chlorophyll-corpuscle  (Fig.  52),  which 
is  flattened  and  discoid.  Usually,  many  corpuscles  are  present  in 
a  cell,  but  occasionally  (e,g,  Anthoceros)  there  is  only  one.  In 
the  Alga9  the  chromatophores,  though  sometimes  small  and 
discoid  (e.g,  Vaucheria,  Fucns,  etc.)>  are  more  commonly  large, 
occurring  singly,  and  of  very  various  form. 


Fm.  6i.—8pirogyra  majutcula  (after  8U«8-  Fio.  65.— Part  of  a  cell  of  SpirogTra 

burger:  x240).    A  cell  of  afUameni.abowing  showing  the  ohromatophore  cfc,   with 

the  nucleus  suspended  in  the  centre ;  also  the  pyrenoids  p,  surrounded  by  a  dense 

the  spirally-wound  chromatophore  with  py-  layer  of  protoplasm  in  which  are  nu- 

renoids.  merons  starch-grains.    (After  Schmits : 

X  800.) 

The  chromatophores  of  the  Algie  present  a  great  variety  of  form.  Generally 
speaking,  those  of  the  higher  forms  are  small  corpuscles  of  a  more  or  less 
discoid  form ;  while  in  the  lower  forms  the  chromatophores  are  few  in  number, 
often  single,  in  each  cell,  and  are  relatively  large,  assuming  commonly  the 
shape  of  a  flattened  plate,  sometimes  elongated  and  straight  or  spirally  coiled 
(Fig8.  54,  55).  lu  the  latter  qase  the  large  flattened  chromatophores  present 
one  or  more  spherical  thickenings,  each  of  which  is  termed  a  pyrenoid  (Figs. 
53—55),  and  consists  of  a  homogenous  colourless  mass  of  proteid  substance. 
From  their  limitation  to  the  lowest  forms  of  Algsa  (some  Diatoms,  among 
Phffiopbyceie  ;  Baugiacesa,  Nemaliete,  among  Bhodophyceie ;  ConjugatsB,  Con- 
fervoideie,  among  Ohlorophyceffi),  it  would  appear  that  there  is  some  ooimezion 
between  the  presence  of  pyrenoids  and  an  incomplete  differentiation  of  repro- 
ductive and  vegetative  cells  in  the  plant  in  which  tbe  pyrenoids  occur  (see 
Alga,  Part  III.).  They  may,  in  fact,  be  regarded  as  masses  of  reserve  proteid. 
The  only  plant,  outside  the  Algsa,  in  which  a  pyrenoid  has  been  found  in  the 
chromatophore  is  Anthoceros. 
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Tbis  Tiew  of  the  significance  of  the  pyrenoids  is  supported  by  tbe  fact  that 
Btarcb-grains,  t.^.  reserves  of  carbohydrate,  are  veiy  generally  deposited  in  the 
ebzomatophore  immediately  roand  the  pyrenoid.  In  most  of  the  Ghlorophyce0B 
which  hare  pyrenoids,  the  pyrenoid  is  (under  appropriate  conditions)  com- 
pletely eneloeed  by  a  sort  of  shell  of  starch-grains  lying  in  the  adjacent  por- 
tion of  the  chromatophore  (see  Fig.  55).  In  these  large  chromatophores,  the 
assimilatory  and  amyloplastio  functions  are  not  uniformly  distributed :  whilst 
the  general  mass  of  the  chromatophore  carries  on  the  former,  the  latter  is 
confined  to  the  portion  of  it  which  closely  invests  the  pyrenoids. 

Another  fact,  bearing  on  the  significance  of  the  pyrenoids,  is  that  they  vary  . 
in  bulk  from  time  to  time,  in  relation,  apparently,  to  the  condition  of  nutrition 
of  the  cell :  hence  it  is  probable  tbat  they  may  yet  be  found  in  plants  which,  at 
present,  seem  not  to  possess  them.  For  instance,  the  singular  fact  that  they 
have  been  discovered  in  some  Diatoms  and  not  in  others,  may  perhaps  be  ex- 
plicable on  this  ground. 

Chromatophores  multiply  by  division  into  two,  effected  by 
median  constriction  (Figs.  50  B ;  52) :  pyrenoids,  when  present, 
are  multiplied  in  the  same  way. 

The  chloroplastids  ultimately  undergo  degeneration,  when,  as  in 
tbe  case  of  falling  leaves,  for  instance,  all  that  remains  of  them  is 
a  few  yellow  granules. 

In  many  cases  the  green  colour  of  parts  of  plants  containing 
chloroplastids,  is  masked  by  the  presence 
of  other  colouring-matters  held  in  solu- 
tion in  the  cell-sap  {e.g.  the  leaves  of 
Amaranthus,  Coleus,  Copper  Beech,  Copper 
Hazel,  etc.). 

The  Chromopldstids  are  generally  de- 
rivatives of  chloroplastids  which  have  un- 
dergone a  change  both  in  form  and  colour. 
They  occur  most  commonly  in  the  cells  of 
yellow  floral  leaves,  such  as  those  of  Tro- 
peeolnm  (Fig.  56)  :  in  the  superficial  cells 
of  many  fruits  of  a  red  or  orange  colour 
(e.g.  berries  of  Solanum,  fruit  of  Tomato). 
The  yellow  colour  of  the  root  of  the  Carrot 
is  due  to  the  presence  of  leucoplastids,  in 
each  of  which  there  is  a  large  orange- 
coloured  crystal  of  carotin.  The  chloro- 
plastids of  many  Coniferee  (e  g.  Biota  orien- 
ialis)  assume  a  reddish  colour  at  the  beginning  of  winter. 


Fig.  66,— From  the  upper 
Bide  of  the  calyx  of  Troporo- 
lum,  maju9,  Tbe  inner  whII 
of  an  epidermal  cell  with 
the  chromoplastids.  (After 
Straaburger :  x  540.) 


A  brief  account  may  be  appended  of  the  structures  peculiar  to  primordial 
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cells  or  coenoeytes  (p.  94).  The  primordial  reproductive  ocUb  of  the  A^gs  contain 
chloroplastids  (except  spermatozoids  of  Gharaceie) :  in  the  higher  plants  these 
cells  do  not  contain  ohloroplastids,  bat  the  oospheres  contain  lencoplastids 
which  become  the  plastids  of  the  embryo  and  from  which  all  the  plastids  of  the 
future  plant  are  eventually  developed.  In  the  Algie,  likewise,  whatever  be  the 
form  of  the  reproductive  cell,  a  portion  of  it  consists  of  hyaline  kinoplasm  (p.  95) ; 
in  tlie  case  of  motile  cells  (zoospores,  zoogonidia,  planogametes,  spermatozoids), 
the  anterior  portion  consistA  of  hyaline  colourless  kinoplasm,  whilst  the  thicker 
posterior  portion  consists  of  granular  cytoplasm  containing  the  chloroplastida 
when  present ;  similarly  the  oospheres  of  some  heterogamous  green  Algie  (e^g. 
CEdogonium,  Yaucheria,  Gharaceie),  have  an  anterior  region  of  hyaline  kino- 
plasm (commonly  known  as  the  receptive  spot).  In  the  higher  plants  the 
spermatozoids  consist  exclusively  of  kinoplasm.  The  cosnocytic  zoogonidinm  of 
Yaucheria  is  peeoliar  in  that  it  has  no  limited  kinoplasmic  area,  but  is  entirely 
covered  by  a  layer  of  kinoplasm  (see  Fi^.  75). 

Many  of  the  primordial  reproductive  cells  are  motile  (zoospores,  zoogonidia, 
planogametes,  spermatozoids),  and  move  by  means  of  cilia.  A  cilium  is  a  deli- 
cate filament  of  kinoplasm  which  is  contractile,  and  by  its  oscillations  serves  to ' 
propel  through  the  water  the  body  to  which  it  belongs.  The  number  of  cilia 
borne  by  these  cells  varies  considerably:  there  may  be  a  single  cilium  («./|. 
zooFpores  of  Botrydium,  and  occasionally  those  of  Hydrodictyon) ;  or  a  pair 
(generally  in  planogametes ;  frequently  in  zoospores  and  zoogonidia;  less 
commonly  in  spermatozoids,  as  those  of  most  heterogamous  Algaa,  of  the 
Bryophyta,  and  of  Lycopodium  and  Selaginella) ;  or  four  (e.g.  zoogonidia  of 
certain  green  Algsa,  Ulothrix,  Cladophora,  Chietnphora,  Ulva) ;  or  many  {e.g, 
all  motile  cells  of  CEdogonium;  zoogonidia  of  Yaucheria;  spermatozoids  of 
Filiciuie  and  Equisetins). 

The  position  of  the  cilia  is  determined  mainly  by  the  distribution  of  the 
kinoplasm :  where,  as  in  the  coenocytio  zoogonidium  of  Yaucheria,  there  is  a 
continuous  superficial  layer  of  kinoplasm,  the  cilia  are  developed  over  the  whole 
surface ;  where  the  kinoplasm  forms  the  anterior  end,  the  cilia  are  restricted 
to  this  region;  when  there  are  many  cilia  (e.g.  CEdogonium),  they  form  a 
circlet  round  the  base  of  the  kinoplasmic  area,  and  in  the  spermatozoids  of  the 
FiliciniB  and  Equisetinaa,  which  consist  entirely  of  kinoplasm,  the  numerons 
cilia  are  borne  laterally,  generally  near  the  apex,  but  sometimes  {e.g.  Marsilea) 
at  some  distance  behind  it ;  when  there  are  one,  two,  or  four  cilia,  they  are 
either  apical  (motile  cells  of  most  Green  Algae,  spermatozoids  of  Bryophyta,  and 
of  Lycopodium  and  Selaginella),  or  they  are  borne  laterally  {e.g.  spermatozoids 
of  Yolvox  and  Yaucheria,  among  Green  Algfe ;  all  motile  reproductive  cells  of 
the  Brown  Algas)  at  the  base  of  the  kinoplasmic  area. 

Another  peculiar  feature  of  some  of  these  motile  primordial  cells,  is  the 
presence  of  an  eye-tpot.  This  is  a  small  corpuscle  of  a  red  colour,  consisting 
apparently  of  a  specialised  mass  of  cytoplasm  permeated  by  colouring-matter ;  it 
turns  dark-blue  on  treatment  with  iodine.  An  eye-spot  is  present  in  the  motile 
cells  of  the  isogamous  Green  Algaa,  in  the  zoogonidia  of  CEdogonium,  in  the 
spermatozoids  of  Yolvox  and  Eudorlna,  and  in  all  motile  cells  of  the  Brown  Algaa. 

Tet  another  remarkable  feature  is  the  presence  of  a  contractile  vacuole^  that 
is,  a  vacuole  in  the  cytoplasm  which  expands  and  contracts  rhythmically.    These 
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are  to  be  found  generally  in  the  zoospores,  zoogonidia,  and  planogametes  of  the 
Algfl?,  as  also  in  those  of  the  oogamous  Phyoomycetes  and  of  the  Myxomycetes 
among  Fungi. 

These  peculiar  structures,  the  hyaline  area,  the  cilia,  and  the  contractile 
Tacuole,  are  not  confined  to  isolated  free-swimming  cells,  but  are  also  character- 
istic of  cells  forming  part  of  a  multicellular  motile  body  {e.g.  Yolyocacetc). 

§  24.  The  Cell-Wall  is  a  non-protoplasmic  membrane  con- 
sisting, at  least  at  its  first  formation,  of  an  organic  substance 
termed  cellulose,  of  water,  and  of  a  small  proportion  of  inorganic 
mineral  constituents.  Its  growth,  as  well  as  its  first  formation, .is 
the  resnlt  of  the  vital  activity  of  the  protoplasm ;  it  is,  in  fact, 
formed  from  and  by  the  protoplasm. 

1.  The  Growth  of  the  GelUWall,  The  cell- wall  grows  in  surface 
and  in  thickness. 

a.  The  groioth  in  surface  of  the  cell-wall  may  take  place  in 
either  of  two  ways,  both  of  which  are,  however,  dependent  upon 
pressure  exerted  from  within  upon  the  wall.  In  the  one  cnse  the 
stretched  wall  grows  continuously  by  means  of  matenal  supplied 
to  it  by  the  cytoplasm,  the  wall  remaining  unbroken.  :  In  the 
other,  the  stretched  wall  is  ruptnred  at  certain  parts,  new  portions 
of  cell-wall  being  at  once  intercalated  to  close  the  gap.  The 
former  is  of  more  common  occurrence :  the  latter  has  been  observed 
in  some  Algae,  for  instance,  in  the  growth  of  the  cells  of  (Edo- 
goninro,  and  in  connexion  with  the  apical  growth  and  with 
the  development  of  lateral  members  in  Caulerpa,  Cladophora, 
Bryopsis,  Derbesia,  and  Polysiphonia. 

Growth  in  surface  takes  place  to  such  an  extent  that  the  volume 
of  the  cell  not  infrequently  becomes  a  hundred- fold  greater  than  it 
was  originally.  Thus,  for  instance,  in  a  leaf  still  enclosed  in  a 
leaf-bud,  the  cells  of  which  it  will  consist  when  fully  developed 
are  all  actually  present,  and  it  is  simply  by  their  increase  in  volume 
that  the  leaf  attains  its  full  size. 

In  the  comparatively  rare  cases  in  which  the  superficial  growth 
of  the  cell-wall  is  equal  at  all  points,  the  cell  preserves  its  original 
form:  but  more  commonly  the  cell- wall  grows  more  vigorously 
at  certain  points  than  at  others ;  thus,  for  instance,  a  primarily 
spheroidal  or  cuboidal  cell  may  become  tubular,  cylindrical,  fusi- 
form, stellate,  etc. 

b.  The  growth  in  thickness  of  the  cell- wall  is  effected  by  the 
deposition  of  successive  layers  on  the  internal  surface  of  the  first- 
formed  layer.      The  cell- wall  does  not  usually  begin  to  thicken 
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Fio.  57.— Ripe  pollen-grain 
of  Cichorium  Iniyhw;  the  al- 
most epherical  surface  of  the 
cell-wall  is  ftirnished  with 
ridge-like  projections  pro- 
longed into  spines,  and  form- 
ing a  network.  (After  Sachs.) 


until  after  its  growth  in  surface  has  ceased,  the  cell  having  then 
attained  its  definite   size ;  hnt  cases  of  simultaneous  growth  in 
surface  and  in  thickness  have  been  ob- 
served. 

The   growth  in  thickness  of  the  cell- 
wall  is  also  rarely  uniform ;  the  cell- wall 
commonly    becomes    more    thickened    at 
,   some   points   than   at   others,    and   thus 
acquires  inequalities  of  surface.     In  the 
case  of  isolated  cells  or  of  free  cell- walls, 
the  prominences  existing  in  this  way  on 
the   external    surface    appear  as   warts, 
tubercles,   spines,   ete.    (Fig.  57).     Cells 
that  are  united  to  form  tissues  have  their 
inequalities  on  the  internal  surface  of  the 
cell-wall,  the  prominences  sometimes  having  definite   form,  and 
projecting  into   the  interior  of  the  cell ;    such  are  the  annular 
(Fig.  58  r)  and  spiral  thickening  (Fig.  58  s)  of  the  walls  of  certain 
vessels ;  in  the  so-called  reticulated  cell- walls,  the  thickening  is 
in  bands  which  are  united  into  a  network,  so  that  circular  or 
oval  thin  spaces  are  left.     In  other  cases, 
solitary  and  relatively  small  thin  spaces 
are  left  in  the  wall  in  the  course  of  the 
growth  in  thickness,  which  appear,  when 
seen  on  the  external  surface,  as  bright 
spots,  commonly  called  pits,  and  are  seen 
in  section  to  be  canals  of  greater  or  less 
length,  according  to  the  relative  thick- 
ness of  the  walls  (Figs.  59,  60).     Very 
frequently  the  pit,  when   seen  from  the 
surface,  presents  the  appearance  of  two 
concentric   circles,  or   ellipses;    for    this 
reason,  that  the  opening  of  the  canal  into 
the  interior  of  the  cell  is  narrow,  whereas 
the  external  opening  is  broad  (Fig.  62  A), 
Such  bordered  pits  occar  in  the  wood-cells 
of   Conifers    (Fig.  63),   in   the  walls   of 
many  vessels   (Fig.  62),   and  elsewhere. 
The  scalariform  thickening  of  the  walls  of 
many  vessels  arises  from  the  regular  and  close  arrangement  of 
bordered  pits  which  are  much  elongated  transversely. 


Pio.  68.— r  Annular,  $  spiral 
thickening  of  the  walls  of  ves- 
sels ;  r  seen  from  outside,  t  in 
longitudinal  section  highly 
magnified  (diagrammatic). 
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The  Structure  of  the  Gell-walL     When  tbe  cell- wall 
thickened  it  presents  indications  of  struct  are. 

It  presents,  in  the  first  place,  a 
layered  appearance  when  examined  in 
longitudinal  or  transverse  action  (Fig. 
60).  This  layering  or  stratification  of 
the  cell- wall  is  readily  intelligible  when 


105 
is  at  all 


Via.  60.— A  cell  with 
pitted  walls,  from  tbe 
wood  of  the  Elder  (Sam- 
bacDs).  A  lonf^tadinal 
section  allowing  the  pits 
in  the  lateral  walls  as 
channels,  a ;  and  in  the 
farther  wall  as  roundish 
spots,  b.(x  240.) 


Fio.  60.— Tmnsverse  sec- 
tion of  a  bast^sell  from  the 
root  of  Dahlia  variahHit  ( x 
800) ;  I  theoeU-carity.  Z  Pit- 
canals  which  penetrate  the 
stratification;  «p  a  crack  by 
which  an  inner  system  of 
layers  has  become  separa- 
ted. (After  Sachs.) 


Fio.  61. — Colls  from  the  endo- 
sperm of  Omtt^oyalum  umb«Ua- 
turn  showing  simple  pits  : 
m  pits  seen  in  sarface  yiew ;  p 
closing  membrane  seen  in  lon- 
gitadioal  section;  n  nacleus. 
( X  210 :  after  Strasbnrger.) 


it  is  remembered  that  the  thickening  of  the  wall  is  due  to  the 
deposition  of  successive  layers  from  within. 

It  presents,  secondly,  a  delicate 
gtriation,  when  examined  in  sur-  ^ 

face- view,  the  lines  running  at  a 


Fig.  62.— Oval  bordered  pits  in  the 
wall  of  a  vessel  of  Helianthus.  A  In 
longitudinal  section.  B  As  seen  from 
tbe  sarface;  i  the  pit;  h  the  pit-chamber 

(xaoox 


Fio.  63.— Circular  bordered  pits  on 
the  wood-cells  of  the  Pine.  A  Seen  from 
the  surface.  B  In  section ;  •  the  closing 
membrane ;  m  the  middle  lamella.  C  An 
earlier  stage,  in  section.  ( x  600,  diagram.) 
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larger  or  smaller  angle  to  the  long  axis  of  the  cell,  sometimes  even 
transversely.  The  planes  of  striation  are  comraonlj  different  in 
the  different  layers  constituting  the  thickness  of  the  wall,  and  these 
seem  in  the  surface- view  to  cross  each  other  (Fig.  64).  The  cause 
of  striation  appear.s  to  be  this,  that  when  a  considerable  area  of 
cell-wall  has  to  be  formed,  it  is  deposited  by  the  protoplasm  not  as 
one  continuous  sheet,  but  in  the  form  of  delicate  spirally- wound 
bands  with  their  edges  in  contact.  The  lines  of  the  striation  are 
the  planes  of  contact  of  the  edges  of  these  spiral  bands.  A  well- 
marked  illustration  of  the  spiral  mode  of  deposition  of  cell- wall 

by  protoplasm  is  afforded 
by  the  spiral  vessels  already 
mentioned  (Fig.  58  s), 

3.  llie  Chemical  Composi- 
tion of  the  Cell'WalL  As  a 
rule,  the  organic  constituent 
of  the  newly  formed  cell- 
wall  is  cellulose  (CgHioOg), 
a  carbohydrate,  the  charac- 
teristic  reaction  of  which, 
is  that  it  turns  blue  when 
treated  with  sulphuric  acid 
and  iodine,  or  with  a  mix- 
ture of  iodine,  iodide  of 
potassium,  and  chloride  of 

Pio.  61.— Surface  view  of  tke  wall  of  a  cell.       zinC   (chlor-Zinc-iod). 
showing  striation,  from  the  pith  of  Dahlia  varia-  jj.  Jg    however,  COmmonlv 

hUis,    (X  210:  after  Strasburger.)  ,  i,     .        i  „ 

the  case  that  when  a  cell- 
wall  has  undergone  thickening,  some  at  least  of  its  constituent 
layers  do  not  consist  of  cellulose.  The  chemical  changes  which 
are  presented  by  cell- walls  may  be  distinguished  as  follows: — 

a.  The  cell- wall  may  undergo  cuticularisation  :  e.g.  walls  of 
epidermal  cells,  of  cork-cells,  of  spores.  The  cuticularised  or 
corky  cell- wall,  contains  a  substance  termed  cutin.  It  is  but 
slightly  permeable  to  water ;  it  is  extensible  and  highly  elastic  ; 
it  turns  yellow  when  treated  with  sulphuric  acid  and  iodine, 
or  with  iodised  chloride  of  zinc.  The  cuticularisation  of  the 
cell- wall  is  most  marked  in  the  external  layers ;  in  fact  the 
external  layer  consists  entirely  of  cutin,  whilst  the  internal  layers 
(of  which  they  may  be  several,  as  the  cuticularised  wall  is  often 
much  thickened)  consist  more  and  more  largely  of  cellulose,  the 
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innermost  layer  consisting  frequently  of  pare  cellulose,  though  it 
is  sometimes  more  or  less  lignified  (cork).  This  can  be  shown  by 
treating  the  cnticularised  tissue  with  strong  chromic  acid  for 
some  time,  or  by  warming  it  in  a  mixture  of  nitric  acid  and 
chlorate  of  potash,  when  the  cutin  is  removed,  and  the  remaining 
tissue  gives  the  characteristic  cellulose- reactions. 

p.  The  cell- wall  may  undergo  lignificatian  ;  that  is,  the  cell- wall 
becomes  impregnated  with  a  substance  termed  Itgnin,  which 
makes  it  hard  and  elastic,  and  though  readily  permeable  to  water 
it  cannot  absorb  or  retain  much  in  its  substance.  The  character- 
istic tests  for  lignin  are,  that  a  cell- wall  containing  it  (a)  turns 
yellow  when  treated  with  aniline  chloride  and  hydi'ochlorio  acid, 
and  (b)  turns  pink  when  treated  with  phloroglucin  and  hydro- 
chloric acid.  When  a  lignified  cell-wall  is  macerated  in  a  mixture 
of  nitric  acid  and  chloi*ate  of  potash,  or  in  a  strong  solution  oi 
chromic  acid,  the  lignin  is  dissolved  out  and  the  wall  ceases  to 
to  give  the  lignin-reactions,  and  now  gives  the  cellulose-reactions. 
Lignification  takes  place  in  the  sclerenchymatous  and  tracheal 
tissue?,  less  commonly  in  the  parenchymatous  tissue,  of  the 
sporophyte  of  the  Pteridophyt*  (Vascular  Cryptogams)  and 
Phanerogams ;  it  does  not  occur  in  any  of  the  lower  plants,  nor 
in  any  gametophyte. 

y.  The  cell-wall  may  become  more  or  less  mucilaginous ;  in  its 
dry  state  it  is  then  hard  and  horny  ;  when  moistened,  it  absorbs 
a  large  quantity  of  water,  becoming  greatly  increased  in  bulk  and 
gelatinous  in  consistence;  it  usually  turns  blue  when  treated 
with  sulphuric  acid  and  iodine,  or  with  iodised  chloride  of  zinc, 
but  in  some  cases  it  does  not  give  this  reaction,  and  in  yet  others 
{e.g.  asci  of  Lichens,  bast  of  Lycopodium,  endosperm  of  Peony,  and 
cotyledons  of  various  leguminous  seeds)  it  turns  blue  with  iodine 
alone.  Mucilaginous  cell- walls  are  common  in  the  coat-s  of  seeds 
(e.g.  Flax  or  Linseed,  Quince)  ;  they  are  very  remarkable  in  the 
case  of  the  macrospores  of  Pilularia  and  Marsilia  ;  in  tissues,  they 
are  well  seen  in  the  Malvacead :  they  occur  in  all  sub-divisions  of 
the  vegetable  kingdom. 

In  some  cases  the  change  goes  so  far  as  to  result  in  the  con- 
version of  the  cell- wall  into  gum,  soluble  in  water,  as  in  some 
species  of  Astragalus  and  in  certain  Rosaceous  trees  (CheiTy, 
Plum,  Almond,  Peach,  etc.) 

These  modifications  may  occur  either  singly  or  together  in 
the  different  layers  of   one   cell- wall,  as   in   corky,  or  suberised 
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cell-walls,  where  caticalarisation  and  lignification   occur  simal- 
taneonsly. 

8.  Mineral  matters  are  also  frequently  deposited  during  growth 
in  considerable  quantity  in  the  cell- wall,  particularly  salts  of  lime 
and  silica ;  they  are  usually  intercalated  between  the  solid  organic 
particles  of  the  cell- wall,  so  that  they  cannot  be  directly  detected, 
but  remain,  after  burning,  as  a  skeleton  which  retains  the  form  of 
the  cell.  Silica  is  present  in  the  stems  of  Grasses  and  of  Equi- 
setacesB.  Calcium  oxalate  sometimes  occurs  in  a  crystalline  form 
(Fig.  65.)  Calcium  carbonate  is  also  frequently  deposited  in  cell- 
walls,  as  in  certain  Algae,  (e.g.  Acetabularia,  Corallina,  Jania,  etc.) ; 
also  in  hai:^  of  some  of  the  higher  plants  (e.g.  many  BoraginacesB)  ; 


^/ 


B 


Fio.  85.— CrjBtals  of 
CAlcinin  oxalate  in  the 
wall  of  the  bast-cells  of 
CephdIotaMut  FortvneL 
(x  600 :  after  Solms.) 


Pio.  60.— A  cystolith  from  the  leaf  of  C«lti$ 
Tala{x  200).  A  Normal  onndition ;  c  cyfito- 
lith  ;  «  epidermnl  layer;  p  palisode-tissae* 
B  The  cystolith  after  treatment  with  hydro- 
chloric acid  which  has  dissolved  the  calcium 
carbonate,  leaving  the  stratified  cellulose 
basia. 


but  most  peculiarly  in  the  cystoUths  present  in  the  epidermal  cells 
of  the  leaves  of  the  Urticacese  and  AcanthacesB :  it  may  occur 
either  as  granules  or  as  crystals. 

A  cystolith  (Fig.  66  A)  consists  of  a  basis  of  oelliilose  incrasted  with  calcium 
carbonate.  On  treating  a  section,  containing  a  cystolith,  with  acid,  the 
calcium  carbonate  is  dissolved  with  evolution  of  bubbles  of  OO2,  leaving  the 
cellulose  basis  (B)  which  presents  both  striation  and  stratification.  The 
cellalose  basis  is,  in  fact,  a  local  thickening  of  the  cell-wall. 

§  25.  Cell-Contents.  The  following  are  the  principle  cell- 
contents  which  are  not  protoplasmic  and  are,  in  fact,  not  living : 
they  are  moreover  not  universally  present  in  cells,  but  are  con- 
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fined  to  special  cells,  and  frequently  to  special  plants:  starch- 
grains  ;  fats ;  proteid  grains  and  crystalloids ;  mineral  crystals ; 
the  cell-sap,  and  the  substances  dissolved  in  it. 

a.  Starch-grains  are  small  solid  granules  of  various  shape — 
rounded,  oval,  lenticular,  etc. — consisting  of  starch  with  a  certain 
amount  of  water  and  a  small  proportion  of  incombustible  ash. 
They  are  specially  abundant  in  those  parts  of  plants  which  serve 
as  depositories  of  reserve-materials,  e.g,  rhizomes  and  roots  of 
perennial  plants  during  the  winter,  tubers  of  the  potato,  seeds 
such  as  those  of  the  cereal  and  leguminous  plants.  They  can  be 
extracted  by  macerbtion  from  the  organs  in  which  they  occur,  and 
then  appear  as  a  white  powder  which  is  known  as  starch.  Starch 
is  a  carbohydrate ;  its  percentage  composition  is  the  same  as  that 
of  cellulose,  and  may  be  represented  as  CeHjoOs,  but  its  molecule 
is  smaller  and  less  complex.  It  is  readily  detected  by  the  cha- 
racteristic blue  colour  which  it  assumes  on  treatment  with  an 
aqueous  solution  of  iodine.  When  boiled  with  water,  or  when 
treated  with  potash,  the  grains  swell  enormously  and  form  a 
paste. 

The  substance  of  the  starch-grain  is  always  stratified^  being 
disposed  in  layers  round  an  organic  centre,  the  hilum ;  this  stra«- 
tification,  as  also  in  the  case  of  cell-walls,  is  the  result  of  the 
deposition  of  successive  layers  one  on  the  other.  The  hilum  is 
the  most  watery  portion  of  the  gi*ain,  whilst  the  external  layer 
is  the  most  dense. 

It  is,  as  already  mentioned  (p.  98),  the  general  rule  that  starch- 
grains  are  produced  by  means  of  plastids ;  in  parts  of  plants  ex- 
posed to  light,  by  chloroplastids ;  in  parts  of  plants  not  exposed 
to  light,  by  leucoplastids.  In  the  former  case  the  grains  are 
usually  formed  in  the  interior  of  the  plastid  (see  Fig.  52)  ;  in  the 
latter  case,  on  its  surface.  In  both  oases  the  mode  of  develop- 
ment is  the  same ;  a  small  rounded  mass,  the  hiluniy  which  is  the 
organic  centre  of  the  grain,  is  first  formed,  and  then  the  starchy 
matter  is  deposited  upon  this  in  successive  layers  by  the  activity 
of  the  plastid.  If  all  parts  of  the  primitive  starch-grain  are 
equally  within  reach  of  the  plastid,  and  if  then  the  deposition 
of  new  layers  is  equally  active  all  over  the  circumference,  the 
grain  maintains  its  rounded  form,  the  hilum  is  its  geometric  as 
well  as  its  organic  centre,  and  the  layers  are  concentric.  This, 
from  the  nature  of  the  case,  most  commonly  occurs  when  the 
grains  are  formed  in  the  interior  of  the  plastids.     Very  commonly. 
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however,  the  plastid  remains  in  contact  with  but  one  end  of  t^e 
developing  grain ;  hence  the  deposited  layers  are  thicker  and  more 
nnmerous  on  the  end  of  the  grain  next  the  plastid,  and  the  layers 
become  excentric  (Fig.  67  A)  ;  the  hilam  thus  necessarily  becomes 
removed  further  and  further  away  from  the  plastid. 

It  not  uncommonly  happens  that  compound  starch-grains  ai'e  to 
be  found.     Spuriously  compound  grains  are  simply  grains  which 

have  become  adherent  in  con- 
sequence of  mutual  pressure; 
they  occur  frequently  in  the 
interior  of  the  plastids  (see 
Fig.  52).  The  ti-uly  com- 
pound  graim  (Fig.  67  B—E) 
lire  formed  in  this  way, 
that,  one  plastid  produces 
simultaneously  two  or  more 
rudimentAry  starch-grains ; 
as  these  increase  in  size,  they 
eventually  come  into  con- 
tact; the  further  deposition 
of  starchy  layers  must  ne- 
cessarily be  of  such  a  kind 
that  they  surround,  not  each 
individual  grain,  but  the  ag- 
gregate of  adjacent  grains ; 
the  young  grains  thus  become 
bound  together  by  investing 
layers,  and  a  grain  is  pro- 
duced which  has  apparently 
a  number  of  hila. 

The  form  of  the  starch- 
grains  is  characteristic  in  the 
different  plants  in  which 
they  occur ;  thus  those  of  the  Potato  (Fig.  67)  are  excentrically 
oval ;  those  of  leguminous  plants  (Fig.  69),  concentrically  oval ; 
those  of  Rye,  Wheat,  and  Barley,  lenticular  (Fig.  70). 

The  distribution  of  starch  throughout  the  different  classes  of 
plants  is  a  matter  of  considerable  interest.  Generally  speaking, 
it  is  confined  to  plants  which  possess  chloroplastids,  though  a  sub- 
stance turning  blue  with  iodine  has  been  found  to  occur,  diffused 
throughout  the  protoplasm,  in  certain  Schizomycetes  {Clostridium 


E 


Fxo.  07.  — Bzoentrio  Btarota-graint  from  the 
taber  of  a  Potato  ( x  800).  A  A  fully  developed 
simple  grain.  B—E  Compound  g^ina;  a  h 
young  simple  grains;  e  young  compound  grain. 
(After  Sachs.) 
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hutyricumj  Sarcina  ventriculi,  Bacterium  pastoinanum) ,  But,  on 
the  other  hand,  it  is  not  always  present  in  plants  which  possess 
typical  chloroplastids ;  thus,  it  is  absent,  for  instance,  fi'om  the 
Onion,  species  of  Vaucheria,  etc.  In  the  case  of  plants  which 
have  other  colouring-matters  besides  chlorophyll,  starch  may  be 
altogether  absent  (CyanophyceeB,  Diatoraacece) ;  or  it  may  be 
replaced  by  some  other  substance  (most  PhieophycesB  and  Rhode- 
phyceflB).  In  these  Pheeophyceee  and  Rhodophyceae  there  occur 
small  colourless  granules  distributed  in  the  cytoplasm,  consisting 
of  a  somewhat  mucilaginous  substance  termed  paraviylorif  which, 


Fio.  6S.— C*rll8  from  the  eadosperm 
of  RieinuB communis  ( x  800).  A  Fresh, 
in  thick  glycerine;  B  in  dilute  gly- 
oerice ;  C  prarmed  in  glycerine ;  V  after 
treatment  with  alcohol  and  iodine ;  the 
grains  have  been  destroyed  by  euU 
phuric  acid,  the  cytoplasm  remaining 
behind  as  a  net*  work.  In  the  gi-ains 
the  globoid  may  be  recognised,  and  in 
B  C  the  cryntalloid.    (After  Sachs.) 


Fxo.  09.~Ce11s  of  a  very  thin  section  throngh 
a  cotyledon  of  the  embryo  in  a  ripe  seed  of 
Pimm  sativum  ;  the  large  concentrically  8trati> 
fled  grains  8t  are  starch-grains  (cut  through) ; 
the  small  granules  a  are  aleuron,  consisting  of 
proteids;  i  the  intercellular  spaces.  (After 
Sachs.) 


whilst  it  does  not  usually  give  the  characteristic  reaction  of 
starch,  is  probably  allied  to  it  chemically.  A  further  peculiarity 
of  these  plants  is  that  these  granules  seem  not  to  be  formed  inside 
the  chromatophores,  but  in  the  contiguous  cytoplasm. 

p.  Fats  occur  very  commonly  in  the  cells  of  plants  as  oily  drops 
scattered  throughout  the  cytoplasm.  They  are  more  particularly 
abundant  in  seeds,  in  many  of  which  oil  is  the  form  in  which  the 
non-niti-ogenous  reserve  material  is  deposited  (e.g.  Palm,  Castor- 
Oil  plant,  Rape,  Flax,  etc.)  ;  it  is  also  present  in  some  fruits  (e.g, 
Olive). 
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y.  Troieid  Grains,  or  Alewon,  are  granules  of  varioas  sizes,  oval 
or  spherical  in  form,  which  occnr  in  seeds,  and  are  of  physiological 
importance  in  that  they  are  the  -source  from  which  the  embryo  is 
supplied  with  nitrogenous  food  when  the  seed  germinates.  They 
consist  of  a  mixture  of  proteid  substances  belonging  to  the  globu- 
lins and  the  albumoses.  They  present  no  indications  of  structure, 
and  ai'e  much  larger  in  oily  than  in  starchy  seeds. 

The  proteid  grain  generally  contains  a  mass  of  mineral  matter. 
Most  commonly  this  is  a  rounded  body,  the  globoid  (Fig.  68),  con- 
sisting of  donble  phosphate  of  lime  and  magnesia ;  less  frequently 

there  is  a  crystal,  or  a 


of 


Fio.  70.— Part  of  a  Bection  of  a  grain  of  wheat 
Triticum  vulyar«  :  p  pericarp ;  t  seed'Ooat  or  testa ; 
internal  to  which  are  cells  belonghig  to  the  endo- 
■perm;  the  external  layer  contains  small  proteid- 
grains  (al)  but  no  starch,  the  more  internal  cells  con- 
tain  starch-grains  am;  n  the  nucleus.  (After  Stras- 
burger :  x  240.) 


cluster    of    crystals, 
calcinm  oxalate. 

In  the  large  grains  of 
oily  seeds  it  is  frequently 
the  case  that  a  portion 
of  the  proteid  (globulin) 
of  the  grain  crystal- 
lises out,  constituting 
the  crystalloid ;  there  are 
occasionally  two  or  more 
crystalloids  in  the  gi*ain 
(Fig.  68). 

The  grains  are  secreted 
in  vacuoles  of  the  cyto- 
plasm which,  when  the 
grains  have  been  dis- 
solved out.  remains  as  a 
network  (Fig.  68  D). 


Proteid  cryBtalloids  are  also  occasionally  found,  independeutly  of  aleuron,  in 
the  cells  of  plauts,  {e,g,  tuber  of  the  Potato ;  epidennal  cells  of  leaf  of  Poly- 
podium  irroidet ;  some  Bhodopbyceae). 

The  crystalloids  (whether  free  or  in  proteid  grains)  dififer  from  ordinary 
mineral  crystals  in  that,  when  treated  with  yarious  reagents,  they  absorb  liqnid 
and  swell  up.  They  are  for  the  most  part  cubical,  tetrahedral,  or  rhomboidal 
in  form. 

8.  Mineral  Crystals  are  frequently  found  in  the  cells  of  plants* 
They  sometimes  consist,  but  in  comparatively  few  cases,  of  calcium 
carbonate ;  for  example,  the  crystals  in  the  protoplasm  of  Myxo- 
mycetes,  and  the  crystalline  masses  occurring  in  the  cells  of  the 
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pericarp  and  testa  of  some  plants  {e,g,  Celtis  australis,  Lithospermum 
officinale^  Cerintke  glabra). 

In  all  other  cases  the  crystals  consist  of  calcinm  oxalate,  which 
crystallises  in  two  systems  according  to  the  proportion  of  water 
which  it  contains; 
to  the  one  system, 
the  quadratic,  be- 
long the  octahedra 
(Fig.  71*);  to  the 
other,  the  clino- 
rhombic,  belong 
the  acicnlar  crys- 
tals, distinguished 
as  raphides,  which 
occur  in  bundles 
in  the  cells  of  Mo- 
nocotyledons more 
especially  (Fig.  72), 
and  are  generally 
associated  with  mu- 
cilage in  the  cell. 

It  sometimes  happens  that  the  crystal,  or  group  of  crystals,  be- 
comes surrounded  by  a  layer  of  cellulose  attached  to  the  wall  at 
one  or  more  points  (e.g.  leaf  of  Citrus  mdgaris,  pith  of  Kerria 
japonica), 

€.  The  Cell'Sap  saturates  the  cell- wall,  the  protoplasm,  in  fact 
the  whole  organ- 
ised structure  of 
the  cell;  it  also 
fills  the  vacuole, 
when  present,  in 
the  cytoplasm.  It 
is  a  watery  solution 
of  the  most  various 
substances.  In  all 
cases  is  holds  salts 
in     solution,     con- 


Fm.  71.— Crystals  of  caloiam  oxalate  in  the  cells  of  the 
petiole  of  a  Begonia  ( x  aoo).    fc  Solitnry  crystals ;  dr  cluster. 


Fio.  72.— Raphidee  (I)  in  a  cell  of  a  bulb-scale  of  Urginea 
marititna  (x200). 


sisting  mainly  of  alkaline  bases  in  combination  either  with  inor- 
ganic acids,  such  as  nitric,  phosphoric,  and  sulphuric  acid,  or  with 
organic  acids,  such  as  malic  (e.g,  apple  and  other  fruits),  citric 
(lemon,  etc.),  and  others.  It  frequently  contains  tannin,  and 
T.  s.  B.  I 
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nitrogenous  substances  snch  as  asparagin.  It  very  commonlj  is 
rich  in  sngar  ;  either  grape-sngar  (C^Eii^O^),  as  in  the  grape  and 
other  fruits,  and  in  fact  most  parts  of  plants  at  particular  times ; 
or  cane-sugar  (C12H22O11)  as  in  the  Sugar-cane,  the  Maple,  and  the 
Beetroot.  Id  some  plants  {e.g.  Jerusalem  Artichoke,  Dahlia,  Globe 
Artichoke)  the  cell-sap  is  rich  in  inulin,  a  substance  having  the 
same  percentage  composition  as  starch  (represented  by  formula 
Cg  HjQ  O5)  :  when  a  portion  of  tissue,  of  one  of  these  plants,  such  as 
a  piece  of  the  tuberous  root  of  the  Dahlia,  is  kept  in  spirit,  the 

inulin  slowly  precipitates  in 
the  form  of  spheerocrystals 
(Fig.  73)  adhering  to  the  walls. 
The  cell-sap  also  very  fre- 
quently holds  colouring-mat- 
<ers  in  solution ;  for  instance, 
the  colouring-matters  of  most 
red  and  blue  flowera  (erythro- 
phyll  and  anthocyanin) ;  of 
many  fruits,  such  as  the 
Cherry  and  Elderberry;  of 
"  copper  leaves,"  such  as  those 
of  Copper  Beech  and  Hazel, 
and  of  the  Beet- root. 

§  26.  Cell-Formation. 
The  formation  of  a  cell  is  ne- 
cessarily dependent  upon  a 
pre-existing  cell ;  the  direct 
development  of  a  cell  from  the 
necessary  chemical  substances 
— that  is,  spontaneous  genera- 
tion— has  not  yet  been  ob- 
served. Moreover,  it  can  only 
take  place  when  the  protoplasm  concerned  is  in  the  embryonic  con- 
dition; as,  for  instance,  in  growing-points,  germinating  spores,  etc. 
Cell -formation  consists  essentially  in  the  reorganisation  of  the 
protoplasmic  unit  (enorgid,  p.  90)  or  units  in  which  it  occurs ;  it 
may  take  place  about  one  centre,  or,  more  frequently,  about  two  or 
more  centres,  with  consequent  multiplication  of  cells.  Hence,  cell- 
formation  does  not  necessarily  involve  a  multiplication  of  cells, 
still  less  a  formation  of  cell- walls  ;  it  necessarily  involves  the 
formation  of  a  new  cell. 


Fio.  93.— SphsirooTystols  of  inulin  in  the 
tissue  of  the  tuberous  root  of  Dahlia  variahilis 
after  prolonged  action  of  alcohol.  (After 
Btrasburger:  x  240.) 
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The  following  two  modes  of  cell-formation  may  be  distin- 
gnished : — 

1.  Cell- formation  without  division  of  the  cytoplasm. 

2.  Cell-formation  with  division  of  the  cytoplasm. 

1.  CelUformaiion  without  division.  This  process  does  not  lead  to 
the  multiplication  of  cells,  but  merely  to  the  development  of  a  new 
cell.  Two  cases  are  distinguishable  :  (a)  that  in  which  the  new 
cell  is  formed  from  a  single  cell,  that  is,  direct  cell -formation ;  (6) 
that  in  which  the  new  cell  is  formed  by  the  fusion  of  the  cyto- 
plasm of  two  cells,  that  is,  cell-formation  by  conjugation. 

(o)  In  direct  cell-formation  without  division,  the  cytoplasm 
simply  undergoes  reorganisation  and  enters  upon  a  new  individu- 
ality. It  is  confined  to  the  development 
of  reproductive  cells  ;  such  as  zoogonidia 
and  spores,  the  spermatozoids  of  the 
higher  Cryptogams,  and  oospheres  in 
many  cases.  This  particular  case  of  cell- 
formation  is  sometimes  termed  rejuven- 
escence. 


A  good  illnstration  of  this  is  afforded  by  the 
development  of  the  zoogonidium  of  (Edogoninm. 
The  cytoplasmic  contents  of  an  ordinary  cell  of 
the  filament  become  more  abundant ;  the  kino- 
plasm  (see  p.  95),  with  the  nuolens  and  centro- 
sphere,  travels  to  one  side  of  the  cytoplasm,  ap- 
pearing at  the  surface  as  a  hyaline,  coloarless 
nrea;  the  cytoplasm  begins  to  contract  away 
from  the  wall  (Fig.  14  A^  lower  cell),  and  secretes 
a  delicate  cell-wall  of  its  own  ;  the  cilia  are  de- 
veloped in  a  circlet  from  the  margin  of  the  kino- 
plasmic  area.  The  cell-wall  is  raptured  (as  at  Z), 
and  the  zoogonidium,  lying  loosely  in  its  own 
proper  cell- wall,  as  in  a  vesicle,  is  extra ded  into 
the  water.  It  now  begins  to  move  inside  the 
vesicle  by  the  action  of  its  cilia ;  the  vesicle  becomes  disorganised,  and  the 
zoogonidium  is  set  free.  It  swims  by  means  of  its  cilia  (Fig.  74  B)  with  the 
coloarless  end  in  front ;  so  that  what  was  the  transverse  axis  of  the  mother-cell 
has  now  become  the  longitudinal  axis  of  the  zoogonidium,  an  indication  of  the 
complete  reorganisation  which  has  taken  place.  After  a  short  period  of  move- 
ment, the  zoogonidium  comes  to  rest,  attaches  itself  to  some  solid  body  by  its 
hyaline  end,  withdraws  its  cilia,  and  secretes  a  cell- wall  (Fig.  74  C). 

The  plants  in  which  there  are  highly  differentiated  spermatozoids,  each  de- 
veloped singly  in  a  mother-cell,  are  the  Charace®  (Algie),  the  Bryopbyta,  and 
the  Pteridophyta.   In  all  these  plants  the  development  of  the  spermatozoid  pro- 


Fie.  74.— Rejaveneecence  an 
exhibited  in  the  formation  of 
the  xoogooidinm  of  CBdogoninm. 
A  portion  of  a  filament ;  in  the 
lower  cell  the  protoplasm  is  be- 
ginning to  contract,  in  the  npper 
the  young  soogonidium  i»  escap- 
ing (Z).  B  a  Eoogonidiam.  C 
the  beginning  of  germination. 
(X  S«0). 
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ceeds  in  essentially  the  same  manner  as  that  of  the  zoogonidium  described 
above.  In  the  Gharacese,  where  the  spermatozoid  still  retains  some  zoogonidial 
charactets,  the  hyaline  pointed  anterior  portion,  bearing  a  pair  of  cilia,  is  de- 
veloped from  the  kinoplasm  ;  the  thick  posterior  portion,  which  is  highly  granu- 
lar, is  developed  from  the  nutritive  hyaloplasm  of  the  cell ;  the  nucleus  lies 
ceuttally  at  the  junction  of  the  two  portions.  In  the  Bryophyta  and  in  the 
Pteridophyta  the  spermatozoid  consists  simply  of  kinoplasm  with  a  nucleus  ;  it 
contains  no  nutritive  oy to- hyaloplasm,  and  so  differs  essentially  from  a  zoogon- 
idium. In  these  two  groups  of  plants  the  mature  spermatozoid  consists  of  an 
anterior  kinoplasmio  poition  bearing  the  cilia,  and  a  posterior  portion  consisting 

of  the  eiongated  and 
curved  nucleus  invested  by 
a  thin  layer  of  kinoplasm. 
In  the  Pteridophyta  the 
posterior  nuo!ear  portion 
of  the  spermatozoid  more 
or  less  completely  sur- 
rounds a  mass  of  nutritive 
cyto-hyaloplasm  which  re- 
mains attached  to  the 
Fpermatozoid  in  the  form 
of  a  vesicle  for  a  short 
time  after  extrusion  from 
the  antheridium,  becoming 
eventually  disorganised. 

The  non-motile  male 
cell  {spermatium)  of  the 
Bed  AlgsB  is  developed 
singly  in  a  mother-cell, 
and  appears  to  consist 
merely  of  a  small  mass  of 
kinoplasm  with  a  nucleus. 
Oospheres  are,  as  a  rule, 
developed  singly  in  the 
female  organ,  though 
there  are  some  exceptions 
(see  p.  82) :  their  develop- 
ment has  not  yet  been  so 
minutely  studied  as  has 
simplest    case,  as  in  the 


Fio.  75.— Development  of  the  eoenocsrtic  zoogonidinm  of 
Vaucheria  Bestilii.  A-K  Stages  in  the  development  of 
the  zoogonidium  within  the  gonidangium  (x  96);  JP  a 
free  zoogonidium  (x  206)  ;  G  a  portion  of  F  more  highly 
magiiiQed  (x  450)  showing  the  hyaline  enperflcial  layer 
bearing  the  pairs  of  oilla,  with  a  nucleus  opposite  the 
point  of  origin  of  eac  h  pair.    (After  Strasburger.) 


that  of  zoogonidia  and  spermatozoids.  In  the 
oogonium  of  (Edogonium,  the  cytoplasmic  -contents  of  the  oogonium  con- 
tract away  from  the  cell- wall  and  roimd  themselves  into  a  spherical  form ; 
at  one  side  a  colourless  hyaline  area  is  differentiated,  the  receptive  tpot^  the 
rest  of  the  oosphere  containing  chloroplastids,  etc.  This  hyaline  receptive 
spot  corresponds  to  that  in  the  zoogonidium  of  the  same  plant,  as  also  to  tlie 
hyaline  anterior  portion  of  the  spermatozoids  already  described ;  it  is  doubtless 
developed  in  the  same  way,  and  consists  of  kinoplasm.  At  this  stage  the 
oogonium  opens  by  the  rupture  of  the  cell-wall,  and  a  portion  of  the  hyaline 
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substance  (presamably  kinoplasm)  of  the  receptive  spot  is  ejected  into  the 
water;  the  oosphere  is  now  ready  for  fertilisation.  In  the  arohegoniam  of 
Brjopliyta,  Pteridopbyta,  and  most  Gymnosperms,  the  "  central  cell  *'  under- 
goes division  into  two  ;  a  smaller  cell,  the  ventral  eanal-eell^  next  the  neck  of 
the  archegoniam ;  and  a  larger  lower  cell  which  roands  itself  off  and  con- 
stitntes  the  oosphere. 

This  process  of  cell-formation  is  closely  ft>lk>wed  in  some  ccsnocytio  pljants. 
Thus  the  zoogonidia  of  Yaucheria  are  developed  in  essentially  the  same  manner 
as  those  of  (Edogoniam,  the  differences  being  those  which  are  necessarily  in- 
volved by  the  fact  that  the  one  is  developed  from  a  cell,  and  the  other  ftom  a 
ocenocyte.  In  Yaucberia,  the  many  nuclei  travel,  with  the  kinoplasm,  to  the 
periphery  of  the  derelopiog  zoogonidinm ;  the  kinoplasm,  instead  of  a  lin^ited 
area  as  in  (Edogoniam,  forms  a  layer  over  the  whole  surface  in  which  lie  the 
numerous  nuclei,  and  from  which  many  pairs  of  eilia  are  developed,,  a  pair 
opposite  each  nucleus  (Fig.  75). 

The  development  of  tbe  oosphere  in  Yaucheria  resembles  in  its  main  features 
that  described  for  (Edogonium  ;  but  here  the  mass  of  protoplasm  encloses  many 
nuclei  at  first,  though  it  appears  that  there  is  but  one  nucleus  in  the  mature 
ooephere,  which  has  awell-defined  receptive  spot.  In  Peronospora  likewise, 
where  it  is  formed  from  a  part  only  of  the  protoplasm,  the  single  oosphere  con- 
tains, at  first,  many  nuclei,  but  only  one  when  mature.  The  reduction  in  the 
number  of  the  nuclei  in  these  coses  appears  to  be  brought  about,  by  fusion. 

In  the  foregoing  cases  of  cell-formation  with  the  development 
of  a  single  new  cell,  the  cell  formed  is  a  primordial  cell  destitute 
of  a  cell- wall,  at  least,  for  a  time.  In  other  cases  the  cells  sor- 
ronnd  themselves  at  an  early  stage  with  a  proper  wall  of  their 
own :  this  takes  place  in  connection  with  the  development  of  the 
spores  in  the  Bryophyta,  Pteridophyta,  and  Phanerogams. 

In  illustration  of  this  mode  of  cell-formation,  a  brief  general  account  ef  the 
development  of  spores  in  the  higher  plants  may  be  given.  The  mother-cells  of 
the  spores  undergo  division  in  a  manner  described  under  the  head  of  cell-divi- 
sion (p.  125),  so  as  to  give  rise  to  four  special  mother-cells,  lying  either  aU  in  one 
plane  {e.g.,  some  Pteridophyta,  Monocotyledous),  or  arranged  tetrahedrally  in  a 
pyramid  (some  Bryophyta  and  Pteridophyta,  most  Gymnosperms,  Dicotyledons). 
In  each  of  these  special  mother-cells  a  single  spore  (resp.  pollen-grain)  is  de- 
veloped. The  ectoplasmic  layer  of  the  cytoplasm  becomes  converted  into  a 
membrane,  the  exine  (or  exospore),  which,  though  at  first  consisting  of  cellulose, 
becomes  eventually  cuticularised,  and  acquires  a  more  or  less  elaborate  struc- 
ture. In  a  few  eases  this  is  the  only  coat  of  the  spore ;  but,  as  a  rule,  a  second 
membrane,  the  intine  (or  endotpore),  is  eventually  formed  internally  to  the 
'  exine,  from  the  ectoplasmic  layer  of  the  cytoplasm :  it  consists  always  of  oello- 
lose.  Tbe  walls  of  the  special  mother-cells  become  disorganised,  and  the  spores 
are  set  free. 

The  development  of  the  proper  coats  of  the  spores,  as  also  their  subsequent 
growth  in  surface  and  in  thickness,  is  effected  solely  by  means  of  the  cytoplasm 
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of  the  spore.  In  some  oases,  however  {e,g.  Hydropterideie),  a  coat,  termed 
perinium,  is  formed  round  the  spore,  externally  to  its  proper  coats,  not  from  its 
own  'cytoplasm,  but  from  cytoplasm  in  the  sporangium  derived  from  the  cells 
of  the  disintegrated  tapetal  layer. 

(6)  Cell-formation  by  Conjugation  takes  place  solel  j  in  connection 
with  the  sexnal  process.  The  fusion  of  vegetative  cells  is  not  un- 
common, but  it  does  not  lead  to  the  formation  of  a  single  cell, 
but  of  a  sjncyte  (p.  91).  In  the  sexual  process,  however,  two 
gametes,  whether  externally  alike,  as  in  isogamous  plants,  or 
cxtemallj  dissimilar,  as  in  heterogamons  plants,  fase  together, 
cytoplasm  with  cytoplasm,  centrosphere  with  centrosphere,  nucleus 
with  nucleus,  completely  losing  their  individuality,  and  constitute 
a  single  new  cell,  a  zygospore  or  an  oospore,  which  is  the  starting 
point  for  the  development  of  a  new  organism. 


Fio.  76.- Conjoffation  in  Spirogyra  (x400).  At  A  two  celU  of  adjikcent  filaments  are 
about  to  ooi\jugate,and  are  putting  out  protuberances  (a)  towards  each  other :  el  chromato- 
phore ;  Ic  nucleus.  At  B  the  gamete  p  of  the  one  cell  is  passing  over  and  fa>ing  with  that 
of  the  other  (y).  At  C  the  process  of  conjugation  is  completed,  the  zygospore  Z  being  the 
product. 

It  will  have  been  observed,  from  the  preceding  instances,  that  cell-formation 
is  frequently  preceded  by  nuclear  funion.  This  is  so  in  cell-formation  by  conjuga- 
tion ;  and  in  many  cases  of  cell-formation  from  a  coenocyte  {e.g.  development  of 
endosperm  in  the  embryo-sac  of  some  Angiosperms ;  development  of  the  oosphere 
in  incompletely  septate  plants,  such  as  Vaucberia,  Peronospora,  Pythinm). 

2.  Cell-Formation  with  Cell-Bivision.  Since  in  all  cases,  with 
possibly  occasional  exceptions  in  coenocytes,  this  mode  of  cell- 
formation  is  preceded  by  indirect  or  mitotic  nuclear  division,  the 
consideration  of  it  may  be  preceded  by  an  account  of  this  fonn  of 
nuclear  division. 

Indirect  or  Mitotic  Division  of  the  Nueleut.  The  indirect  division  of  the 
nucleus  presents  a  series  of  remarkable  phenomena  which  are  collectively  de- 
signated by  the  term  karyokiiietit.    Beginning  with  the  nucleus  in  the  resting- 
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sUte  (see  p.  95),  the  first  fact  indicating  the  imminence  of  nuclear  division  is 
that  the  two  centrospheres  separate  and  take  np  positions  on  oppot»ite  sides  of 
the  nucleus,  thus  indicating  the  plane  in  which  the  nuclear  division  is  to  take 
place,  Tiz.,  at  right  angles  to  a  straight  line  joining  the  centrospheres:  the 
change  of  position  of  the  centrospheres  is  doubtless  effected  by  the  kinoplasm 
in  which  they  He.    Changes  are  now  perceptible  in  the  nucleus  itself.    The 
fibrillar  network  contracts  and  becomes  more  dense,  and  breaks  up  into  distinct 
fibrils  (ekromosomet)  consisting  now  of  broad  discs  of  chromatin  with  narrower 
intervening  discs  of  linin :  the  tangle  of  the  somewhat  Y-shaped  fibrils  becomes 
looser  as  they  separate  and  move  towards  the  surface  of  the  nucleus.    At  this 
stage  the  so-called  nuclear  membrane  loses  its  definiteness,  the  kinoplasm 
entering  the  nucleus  without,  however,  displacing  the  proper  ground- substance 
of  the  nucleus.    The  kinoplasm  forms  a  number  of  threads,  extending  from  one 
centrosphere  to  the  other,  constituting  the  kinoplatmic  tpindle,  of  which  the 
centrospheres  are  the  two  poles  (Fig.  77).    Along  these  threads  the  fibrils  move 
till  they  reach  the  equatorial  plane 
of   the  spindle,   where  they  con- 
stitute the  nuclear  dUe^  and  are  so 
placed  that  their  free  ends  point 
to  either  one  pole  or  the  other. 
Whilst   these  changes  have  been 
going  on,  the  nucleoli  have  dis- 
appeared, being   diffused    in    the 

nuclear    ground-substance,   which  ^ 

can,  in  consequence,  be  stained  at 
this  stage.  The  fibrils  now  undergo 
longitudinal  splitting  into  two,  and 
then  the  nuclear  disc  separates 
into  two  halves,  in  such  a  way  that 

one  of  each  pair  of  fibrils  produced  yi9.  77.— Germinating  pollen-grain  of  LAtum 

by  the  splitting  of  each  primary       Kartoyon  with  a  dividing^  nacleos:  the  kino- 
fibril  goes  to  each  half.    The  fibrils       plasmio  spindle  is  formed  with  a  centrouphere 

comititnting  each  half  of  the  nu-      1^>-*  •^^^  P^**'  *  **  '^^^^7  ^'ll'^^JZ^ 
,.      *  .  ,     .,  by  the  chromoaome*.    (After  Guignard :  x  760.) 

dear  disc  now  move  towards  the 

corresponding  pole  along  the  spindle-threads,  changing  their  postion  as  they  go, 

so  that  when  they  reach  the  pole  their  free  ends  point  towards  the  equatorial 

plane  (Fig.  78/).    On  reaching  the  pole,  each  group  of  fibrils  constitutes  a  new 

nucleus ;  it  becomes  invested  by  a  membrane,  nucleoli  reappear,  and  the  fibrils 

resume  the  form  and  structure  of  the  resting  nucleus.    The  two  nuclei  are  now 

completely  formed,  and  are  still  connected  by  kinoplasmic  spindle- threads.    If 

no  cell-division  is  immediately  to  take  place,  no  further  change  occurs  beyond 

the  disappearance  of  the  threads. 

Two  modes  of  cell-formation  with  division  may  be  conveniently 
distinguished.  In  the  one,  often  distinguished  as  free  ceH-for- 
motion^  several  cells  are  formed  simultaneoasly  in  the  cavity  of  a 
parent  cell  (or  ooenocyte) ;  in  the  other,  designated  simply  celU 
division^  only  two  colls  are,  as  a  rule,  formed  as  the  result  of  the 
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Fio.  78.— FrUiClaria  pertica  (xBOO':  after  Sirasburgery.  DlTislon  of  a  mother-cell  of  Um 
pollen:  a  contraction  of  the  fibrillar  network;  e  kinoplasmic  spindle  with  equatorial 
nuclear  disc  seen  in  profile;  b  and  d  naolear  diso  seen  from  the  pole,  in  b  the  fibrils  are 
splitting  longitadinally ;  «  division  of  the  nnclear  disc  into  two ;  /  separation  of  the  two 
halves  of  the  naolear  disc ;  g  two  nnclei  still  connected  by  spindle-threads,  in  which  the 
cell-plate  is  forming ;  h-m  division  of  the  danghter-cella;  h  and  i,  breaking  up  of  the  net- 
work and  formation  of  kinoplasmic  spindle;  le  spindle,  in  profile  in  the  right,  from  the  pleo 
in  the  left ;  I  separation  of  the  segments,  in  profile  in  the  right,  from  pole  in  the  left ; 
«A  nuclei  with  connecting  threads  and  cell-plates. 
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partition  of  the  parent  cell.  A  further,  though  not  absolute, 
distinction  is,  that  in  the  latter  mode  each  nuclear  division  is 
immediatelj  followed  bj  a  correspouding  cell-division,  whereas 
in  the  former,  no  cell-division  takes  place  nntil  all  the  (or  very 
many)  nuclear  divisions  have  been  completed.  Finally,  when  the 
cell-formation  is  accompanied,  as  it  frequently  is,  by  the  develop- 
ment of  a  cell- wall,  the  cell- wall  formed  in  connexion  with  simple 
cell-division  is  merely  a  septum  in  the  plane  of  division,  that  is,  a 
wall  which  abnis  upon  the  side-walls  of  the  parent  cell,  whereas 
in  free  cell-formation  walls  are  formed  all  round  the  new  cells. 

(a)  Free  cell-formation  may  take  place  either  in  a  cell  or  in 
a  coenocyte.  In  the  former  case  it  is  preceded  by  successive 
indirect  nuclear  divisions — the  cell  becoming,  in  fact,  a  coenocyte 
for  the  time  being — until  the  requisite  number  of  nuclei  are 
formed ;  in  the  latter  case  nuclear  division  may  or  may  not  be 
necessary. 

The  product  of  this  process  of  cell -formation  is  either,  as  com- 
monly happens,  a  number  of  free  cells,,  with  or  without  proper 
cell-walls ;  or,  a  cellular  tissue. 

The  formation  of  isolated  celte  occurs  only  in  connexion  with 
the  development  of  reproductive  cells  and  only  in  certain  plants  : 
e.g.  the  zoogonidia  and  gametea  of  coenocytic  ieogamous  Algse, 
such  as  some  ConfervoideaB  and  Siphonaceae,  and  the  Hydrodictyeae; 
the  spermatozoids  and  oospheres  of  the  coenocytic  but  heterogamous 
Sphaeroplea ;  the  zoogonidia  of  the  Phaeosporeee,  and  the  sperma- 
tozoids of  the  FncacesB,  among  cellular  Algae;  among  Fungi,  the 
spores  and  gonidia  of  the  Mucorinse,.  the  zoogonidia  and  oospheres 
of  the  Saprolegniaceee-  (Fig.  79),  the  ascosporea  of  the  Ascomycetes 
(Fig.  80)  ;  in  the  Phanerogams,  the  egg-apparatus  of  Angiosperms, 
and  the  embryo-sporophyte  of  Ephedra. 

In  this  case  the  process  of  cell-formation  is  simple ;  the  proto- 
plasm, under  the  inOuence  of  the  kinoplasm,  segregates  round 
the  individual  nuclei,  constituting  distinct  cells  which  may  or 
may  not  deyelope  proper  walls ;  the  development  of  the  walls  (if 
present)  takes  place  in  the  manner  already  described  (p.  117). 

The  development  of  a  tissue  by  free  eel  I -formation  is  not  com- 
mon ;  it  occurs  in  the  development  of  the  endosperm  of  the 
Phanerogams,  in  that  of  the  female  prothallium  of  Isoetes,  and 
in  that  of  the  embryo-sporophyte  of  Ginkgo  and  of  the  Cycads 
(p.  16).  Here,  after  the  formation  by  division  of  the  requisite 
number  of  nuclei,  the  cytoplasm  becomes  marked  out  into  units 
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(energids),  one  to  each  nucleus,  and  then  celUwalls  are  formed 
along  the  lines  of  demarcation,  constituting  the  units  into  cells ; 
when,  as  is  frequently  the  case,  the  cytoplasm  of  the  mother. cell 
is  simply  a  parietal  layer,  the  developing  cells  secrete  a  cell-wall 
over  their  free  surface,  as  well  as  the  intermediate  septa.     In 


Fie.  79.~Gonidangrinm  of  an  Achlja. 

A  Still  cloBed.     B  Allowing  the  zoo-  „      «^     ^  „  *         .,      >    .^         ,    •  «    . 

«^,.;^  -  ♦^    —       v«  «^*u    *      1  *      1  Pig.  80.— Cell-formation  in  the  aaci  of  Pnwx 

gonidia  to  escape,  beneath  it  a  lateral  ,           .„                    ^        .     .     ^      i 

K..«^u             *u                  At      •    ..  conv^snUa.    a / Sacceesive  stepif  m  the  develop* 

branch  c;    a  the  soogonidia  just  e»-  .     » ^^        ^        ,                  r»r.      oi. 

^ ,     ,    .,        w     ^       J            w  ment  of  the  aaci   and   spores.    (After  Baohs: 

caped;    D  the  abandoned   membranes  *^          ^ 

of  the  soogonidia  which  have  already        ^        *' 

swarmed:     «    swarming     soogonidia. 

(After  Sachs :  x  650.) 

rare  cases  (e.g.  endosperm  of  Gorydalis  cava),  the  cell-walls  enclose 
several  energids  constituting  coenocytes,  but  eventually  each 
coenocyte  becomes  a  cell  by  the  fusion  of  the  nuclei  (see  pp.  90, 118). 

A  somewhat  similar  process  of  tissue-formation  occurs  in  the  Hydrodictyee ; 
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bat  here  the  cells  are  at  first  free  zoogonidia  without  any  oell-wall,  which 
sabseqaently  aggregate  together  so  as  to  form  the  body  of  the  plant,  and 
secrete  cell-walls  (see  pp.  15,  92). 

A  case  -whicli  closely  connects  the  foregoing  with  the  typical 
form  of  cell-division  is  that  offered  by  the  development  of  the 
pollen-grains  of  Dicotyledons  and  Conifers,  and  of  the  spores  of 
Pteridophy  ta  and  Bryophy  ta  in  general.  Here  (Fig.  78)  the  nuclear 
divisions  are  limited  to  the  first  generation ;  the  nacleas  of  the 
mother-cell  divides  into  two,  and  each  of  those  again  into  two, 
so  that  four  nuclei  ai*e  produced.  The  protoplasm  around  these 
is  marked  out  into  corresponding  areas  by  lines,  along  which 
cell-walls  are  formed,  which  meet  in  the  middle,  and  abut  extern- 
ally on  the  wall  of  the  mother- cell ;  in  this  way  four  special 
mother-cells  ai'e  formed,  in  each  of  which  a  spore  is  developed 
(see  p.  125). 

The  marking,  out  of  the 
protoplasm  into  units  in 
the  process  of  free  cell- 
formation  is  effected  by  the 
kinoplasm.  As  the  nuclei 
lie  free  in  the  protoplasm, 
connecting  threads  of  kino- 
plasm are  formed  between 
them — or  rather  between 
the  centrospheres  adjacent 
to  the  nuclei  —  each  of 
which  becomes  somewhat 
thickened  in  the  middle 
line,  the  thickenings  coming  into  lateral  contact  thus  forming  a 
cell'pUite  (Fig.  81  B),  which  marks  the  limits  of  the  future  cells. 
When  free  cells  are  to  be  produced,  the  cell-plates  mark  the 
planes  of  separation ;  when  a  tissue  is  to  be  produced,  the  cell- 
plates  both  mark  the  position  in  which,  and  supply  the  material 
out  of  which,  the  septa  are  formed. 

(6)  Cell-division  may  give  rise  to  free  cells,  though  more  com- 
monly it  gives  rise  to  a  tissue ;  in  either  case,  it  consists  essenti- 
ally in  the  bipartition  of  the  cytoplasm,  once  or  repeatedly  ;  septa 
may  or  may  not  be  formed,  and  their  formation  follows  on  the 
division  of  the  cytoplasm. 

The  development  of  free  primordial  cells  by  cell-division  is 
confined  to  the  reproductive  cells  of  certain  of  the  lower  plants ; 


Fie.  81.— H«l}«bonw/orttdu«  (after  Strasbarger  : 
X  640).  Qaadrip»rtitlonofmother-oe11  of  pollen; 
la  B  the  connecting  threads  and  cell-plates  are 
shovm ;  in  A  the  walls  have  been  formed.  Only 
three  are  yif>ible»  the  fourth  nut  being  in  focns; 
the  mode  of  development  is  tetrahedraL 
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for  instance,  the  zoogonidia  and  gametes  of  some  isogamons 
VolvocaceaB  (e.g.  Pandorina),  and  ConfervoideoB  (e.g,  Ulofchrix), 
the  spermatozoids  of  Vol  vox,  the  oospheres  of  Fucns.  The  pro- 
cess is  a  simple  one,  consisting  in  the  indirect  division  of  the 
nuclens,  followed  by  a  corresponding  division  of  the  cytoplasm, 
no  septnm  being  formed.  Commonly  this  process  occurs  bnt 
once,  two  cells  being,  formed  in.  the  mother-cell ;  or  it  may  be 


fft 


U 


Fig.  82.— Cell-division  in-  Btaminid  hair  of  TraiUtotmiia  virgtwica  (x  640:  after  Stras- 
bur^r).  1-6  Mitotic  diriBion  of  nuoleiu;  7-11  development  of  the  eeptom  in  the  kino- 
plaemic  spindle. 

repeated  twice,  giving  rise  to  four  cells ;  or  thrice,  giving  rise 
to  eight  cells  (e.g.  oospheres  of  Fncus)  ;  or  many  times,  giving 
rise  to  a  large  number  of  cells  (e.^.  spermatozoids  of  Vol  vox). 

The  typical  case  of  cell-division  is  that  which  is  attended  by 
the  formation  of  septa,  resulting  in  the  development  of  cells 
which  remain  coherent  to  form  a  ti.ssue.  The  process  begins  with 
indirect  division  of  the  nucleus  (Fig.  82,  1-6)  ;  when  this  is  com- 
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pletod,  a  eel  I- plate  is  formed  in  the  kinoplasraio  spiadle,  and  in 
and  from  this  a  septnm  of  cellulose  is  formed  (Fig.  82,  7-11). 
If  the  spindle  is  not  wide  enoagh  to  reach  quite  across  the  cell, 
it  is  extended  laterally  bj  the  formation  of  new  connecting-threads, 
until  the  septum  is  attached  to  both  lateral  walls.  Thus  the 
walls  of  the  new  cells  are,  for  the  most  part,  those  of  the  parent 
cell,  the  septum  being  the  only  new  formation.  It  is  a  universal 
law  that  the  plane  in  which  the  septum  is  formed  is  perpendicular 
to  that  of  the  wall  at  any  point  of  contact. 

Yariations  of  this  mode  of  cell-formation  occur  in  isolated  cells,  and  in  cells 
forming  part  of  a  free  surface.  In  some  coses  {e.g.  branching  of  Moss-proto- 
nema)  the  mother-cell  throws  oat 
a  lateral  protuberance,  and  a  Wdll 
13  formed  at  the  junction  of  the 
two.  lu  otber  cases,  as  in  the 
development  of  the  spores  of 
many  Fungi,  and  in  the  multipli- 
cation of  Yeast-cells,  the  lateral 
protuberance  expands  into  a 
rounded  body,  the  neck  of  com- 
muuication  with  the  mother-cell 
remaining  narrow.  Eventually 
a  cell- w«  11  is  formed  across  the 
narrow  neck,  and  the  cells  sepa- 
rate from  each  other.  This  mode 
of  cell-formation  is  known  as 
gemmation  or  ahstrictioH. 

Closely  connected  with 
the  division  into  two,  which 
is  characteristic  of  cell- 
formation  in  the  vegetative 
parts  of  plants,  is  the  divi- 
sion of  the  mother-cell  into 
four,  which  is  characteristic 
of  the  development  of  the 
spores  in  the  higher  plants 
(spores  of  Bryophyta,  Pteridophyta,  and  pollen-grains  of  Phanero- 
gams; see  pp.  117,  123)  ;  in  these  cases  the  division  of  the  mother- 
cell  may  take  place  in  either  of  the  two  following  ways  : — 

1.  Each  nnclear  division  is  followed  by  cell-division  with  the 
formation  of  a  septum  (Fig.  84  A ;  also  Fig.  78)  ;  hence  the 
process  of  the  development  of  the  four  special  mother-cells  is  one 
of  tuceesnve  cell'divinon^  the  mother-cell  being  first  of  all  divided 


Fio.  83.— EArlj  stage  of  cell-division  in  a  yonng 
endosperm- cell  of  Frilillaria  imptrialis  (dingram- 
matic ;  after  Strasburger :  x  1000) .  n  n  Two  recently 
formed  nuclei  with  connecting  threads  between 
them;  the  threads  show  median  thiokenings 
which  will  constitute  the  cell'plate  ep ;  p  cytoplasm. 
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into  two,  and  then  each  of  the  two  daughter-cells  is  similarly 
divided  into  two ;  this  is  characteristic  of  the  development  of  the 
microspores  of  Isoetes,  and  of  the  pollen-grains  of  most  Monocoty- 
ledons. 

2.  The  nnclens  of  the  mother-cell  divides  into  two,  and  both 
these  again  divide  into  two  before  any  cell-division  occurs  ;  kino- 
plasmic  spindles  are  formed  between  the  four  nuclei  (see  Fig.  81) 
in  which  cell-plates  and  eventually  septa  are  formed  simul- 
taneously in  the  cell-plates,  and  thus  the  four  special  mother- 
cells  are  formed,  in  each  of  which  a  spore  is  developed  (p.  117). 


Fig.  8i.— DiTisinn  into  four  of  8pore-mother>ce1l8  of  Ferns.  A  Scbizna;  B^PMtMi 
rotundifolia.  I.  II.  III.  saccessive  fttages;  le  nucleiiB;  p  ceU-plate;  •  spore;  ••' spore 
lyinjT  behind  the  others;  m  wall  of  xnother-cell ;  to  septa  formed  ia  connexion  with  the 
divisions  ( x  300).    A  Shows  successive  division  ;  B  simultaneous  division. 

The  relative  directions  of  the  planes  of  division  necessarily  affect  the  arrange- 
ment and  form  of  the  spores.  Thus,  when  in  (1)  the  divisions  of  the  two 
danghter-cells,  or  when  in  (2)  the  divisions  of  the  two  secondary  nuclei,  take 
place  in  one  plane,  the  four  resulting  spores  lie  in  one  plane,  and  have  a  rounded 
form.  Such  spores  are  said  to  be  bilateral ;  they  occur  in  the  Cycads  and 
most  Monocotyledons  (pollen-grains),  in  Schizfea  (Fig.  84  A  III.),  and  some 
other  Ferns.  On  the  other  hand,  when  in  (1)  the  divisions  of  the  two  daughter- 
cells,  or  when  in  (2)  the  divisions  of  the  two  secondary  nuclei  take  place  in 
two  planes  at  right  angles  to  each  other,  the  four  resulting  spores  do  not  lie 
in  one  plane,  but  are  arranged  in  a  pyramid,  each  spore  having  the  form  of  a 
trilateral  pyramid  with  a  spherical  base.  Such  spores  are  said  to  be  tetrahedral, 
or  radial ;  they  occur  generally  in  Dicotyledons  (pollen-grains.  Fig.  81),  in  some 
Ferns  (Fig.  84  D)  and  in  Equisetnm.  In  (2)  when  the  fuur  secondary  nuclei  all 
lie  in  one  plane  four  spindles  are  formed,  each  nucleus  being  thus  connected 
with  the  two  adjacent  nuclei ;  but  when  the  nuclei  are  arranged  pyramidally, 
six  spindles  are  formed,  each  nucleus  being  thus  connected  with  the  three 
o  there. 

In  some  plants  the  spores  are  developed  sometimes  in  the  one  way  and 
sometimes  in  the  other;  this  is  the  case  in  the  Liverworts  and  the  Mosses; 
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amongst  Ferns,  whereas  in  the  HymenophyllaoeflB  and  Cyatheaoeie  only  tetra- 
hedral  spores  hare  been  observed,  the  occurrence  of  tetrahedral  or  of  bilateral 
spores  varies  from  genus  to  genus  in  the  Polypodiacefe,  SchizsBacesB,  and 
GleicheniacesB ;  in  the  MarattiacesB  and  in  Ophioglossum  both  tetrahedral  and 
bilatend  spores  may  be  developed  in  the  same  sporangium  ;  this  last  condition 
also  obtains  in  PsUotnm  and  in  species  of  Lycopodium ;  both  modes  of 
development  have  been  observed  in  the  pollen-grains  of  Allium  Moly  among 
Monocotyledons  and  also  in  some  Dicotyledons  (Fig.  85). 

The  division  of  the  cytoplasm  of  the  spore -mother- cells  is  fre- 
qnently  accompanied  by  a  considerable  ingrowth  of  the  wall  of 
the  cell,  80  that  the  cytoplasm  becomes  lobed  (Fig.  85)  ;  the  septa 
snbseqnently  formed  in  the  cell-plates  become  attached  to  these 
ingrowths.  In  some  cases  of  cell-division  the  whole  septam  is 
formed  as  an  annular  in- 
growth  {e.g.  Spirogyra). 
This  is  also  the  case  in  in- 
completely septate  plants 
{e.g.  Cladophora,  etc.), 
where  the  development  of 
the  septa  has  no  relation 
whatever  to  nuclear  divi- 
sion. 

In  incompletely  septate 
plants  the  process  of  pro- 
toplasmic division  and  the 
development  of  septa  goes 
on  quite  independently  of 
the  nucleus.  This  is  so 
to  some  extent  in  certain 
cases  of  spore-formation, 
viz.  in  the  development  of 
the  spores  of  Anthoceros 
and  of  the  macrospores  of  Isoetes,  where  the  division  begins  in 
the  cytoplasm,  the  division  of  the  nucleus  taking  place  last  of  all ; 
whereas,  as  has  been  already  shown,  the  rule  in  completely  septate 
plants  is  that  the  division  of  the  nucleus  precedes  the  division  of 
the  cytoplasm. 


Fio.  85.— (After  Sachs).  Development  of  poUen- 
grains  of  AlihoBa  rosea.  A  the  four  nuclei  have 
been  formed :  T)  the  cytoplasm  is  becoming  lobed 
by  the  ingrowths  formed  on  the  wall  of  the  mother- 
cell;  E  four  special  mother- cells  formed  by  the 
development  of  septa  connected  with  the  lateral 
ingrowths.  InADE  the  grains  are  developed  in 
one  plane ;  B  is  a  case  of  pyramidal  arrangement 
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CHAPTER  IL 

THE   TISSUES. 

§  27.  The  Connexion  of  the  Cells*  As  already  explained 
(p.  121),  in  the  development  of  a  tissue,  whether  by  free  cell-for- 
mation or  by  cell-division,  septa  are  formed,  that  is,  walls  which 
are  common  to  contigaons  cells  ;  these  are  very  thin  at  first,  and 
appear  nnder  the  highest  magnifying  power  as  a  simple  plate. 
As  the  walls  increase  in  thickness  (see  p.  103)  and  acquire  a 
more  or  less  distinctly  stratified  structure,  as  seen  in  transverse 

section,  the  net- work  of  primary 
«epta  stands  out  from  the  thickening 
layers  proper  to  each  cell  (Fig.  87). 
The  primary  septum  between  any 
two  cells  16  now  distinguished  as  the 
middle  lamella  (sometimes  also  termed 
mfercellnlar  substance)]  it  attains  a  con- 
siderable bulk  at  points  where  several 
aeptsi  meet  at  an  angle  (Fig.  88).  Its 
chemical  composition  essentially  re- 
sembles that  of  the  tissue  in  which  it 
is  examined.  In  a  tissue  where  the 
thickened  cell-walls  consist  of  cellu- 
lose, the  middle  lamella  simply  con- 
sists of  a  denser,  more  resistent  form 
•of  cellulose;  in  lignified,cuticularised, 
•or  mucilaginous  tissue,  the  middle 
lamella  presents  the  chemical  charac- 

Fio.  86.— Formation  of  ti>8ue'bv       .      ...       ^<    xi,     x*  •       xi.      t_  •    i       . 

ciMivUion  in  the  cortex  of  the  teiistics  of  the  tissne  m  the  highest 
growing  stem  of  FWttFttba(x  800).  degree,  since  it  is  more  completely 
aa  The  delicate  septa  have  just     modified  chemically  than  the  rest  of 

been  formed;  Icnncleos.  .  •' 

the  cell- wall ;  or,  in  other  words,  since 

it  contains  less  residual  cellulose  than  the  other  layers  of  the  wall, 

whether  they  be  lignified,  cuticularised,  or  mucilnginous,  as  the 

case  may  be. 

When,  as  is  generally  the  case,  the  cells  of  the  tissue  have 

pitted  walls,  the  pits  of  any  one  cell  are  exactly  opposite  those  of 

the  cells  contiguous  to  it  (Fig.  87),  and  are  closed  by  the  middle 

lamella  which  is,  however,  penetrated  by  the  protoplasmic  fibrils 

connecting  the  energids  of  the  respective  cells  (see  Fig.  45,  p.  91). 
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In  most  cases  tlie  closing-membrane  between  two  opposite  pits 
persists  (Fig.  87)  ;  always  whilst  the  contiguous  cells  contain  pro- 
toplasm, less  frequently  when  these 
cells  eventually  lose  their  proto- 
plasm. A  good  example  of  the 
latter  case  is  afEorded  by  the  vas- 
cular cells  of  the  wood  (tracheids) 
of  Conifers.  Here  the  pits  are  bor- 
dered (see  p.  104),  and  are  closed 
by  a  membrane  (Fig.  88  C)  which 
is  somewhat  thickened  in  the  mid- 
dle, the  thickened  area  being  called 
the  torus,  and  is  either  situate  in 
tbe  middle  line  between  the  two 
pits  (Fig.  88  C)  or  is  forced  to  one 
side  [b). 

On  the  other  hand  it  is  com- 
monly the  case  that  the  thin  pit- 
membrane   undergoes    absorption, 
so  that  the  cavities  of  the  adjacent  cells  become  continuous,  and 
in  some  cases  the  entire  septum  may  be  absorbed ;  in  either  case 


.—^ 


Fi».  87.— Transverse  section  of  the 
cortical  cells  of  Trichomane$  9pecio$um 
(x  500).  Middle  lamella  (m);  ii  the 
secondary  layers  of  t)ie  cell-wall  ad- 
joining tbe  middle  IniueUa;  I  coll- 
cavity ;  t  bordered  pits  which  are  oppo- 
site in  adjoining  cells,  bat  are  closed 
by  the  middle  lamella. 


FiA.  88.— Finiu  tylvetlHs  ( x  540 :  after  Strnsbnrger).  A  surface- view  of  a  bordered  pit; 
B  bordered  pit  as  seen  in  a  longitudinal  tangential  section  of  the  wood ;  t  the  torus  of  the 
closing-membrane  which  is  thrust  to  one  side  of  the  pit-cavity ;  0  transverse  section  of  a 
timcheid  showing  bordered  pits  with  closing-membranes ;  m  middle  lamella;  t  secondary 
layers  of  cell-wall ;  m*  thickened  middle  lamella  at  the  junction  of  several  septa. 

the  result  is  a  syncyte  (p.  91),  of  which  the  most  familiar  examples 
arc  the  wood- vessels  of  many  plants,  where  the  transverse  septa 
of  a  longitudinal  scries  of  cells  are  more  or  less  completed  ab- 
sorbed, giving  riae  to  a  tube ;  but  the  absorption  of  the  wall  may 
V.  s.  B.  K 
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take  place  in  any  plane,  as  in  the  development  of  tbe  anasto- 
mosing net- work  of  laticiferous  vessels  in  many  plants  {e.g.  Com- 
pos! tte,  etc.;  see  p.  141). 


§  28.  Intercellular  Spaces  are  lacnnsB  between  tbe  cells  of  a 
tissue.  They  are  formed  in  two  ways :  either  schizogenouslyy  by 
splitting  of  the  common  wall  of  contiguous  cells  ;  or  lysigenously, 
by  the  disorganisation  of  certain  cells.  They  contain  either  air  or 
certain  peculiar  substances. 

The  intercellular  spaces  formed  schizogenously  and  containing 
air,  commonly  occur  in  parenchymatous  tissue  at  the  angles  of 
junction  of  a  number  of  cells.  The  cells  of  such  a  tissue^  when 
young,  are  angular  and  are  in  complete  mutual  contact  at  all 

points  of  their  sur- 
face (see  Fig.  86): 
but  towards  the 
close  of  their  growth 
they  tend  to  assume 
a  more  rounded 
form,  with  the  result 
that  the  common 
cell-walls  split  at 
the  angles,  and  thus 
a  system  of  inter- 
cellular spaces  is 
formed  (Fig.  89). 
It  is  a  remarkable 
fact  that  such  inter- 
cellular spaces  as  these  are  exclusively  confined  to  the  sporophyte 
of  the  higher  plants  (Bryophyta  and  upwards).  Sometimes  these 
spaces — then  called  air-chambers — attain  a  considerable  size,  so 
that  portions  of  tissue  are  widely*  separated  from  each  other,  as 
in  the  petioles  of  the  Water-lily  and  in  other  aquatic  plants. 

The  large  air-cavities  in  the  stems  and  leaves  of  Juncus  and 
other  allied  plants  are  produced  lysigenously  by  the  drying- up  and 
rupture  of  considerable  masses  of  cells ;  this  is  true  also  of  the 
cavities  extending  through  whole  intemodes  of  many  herbaceous 
stems  (e,g.  Grasses,  Umbelliferse,  Equisetum),  as  also  of  those 
occurring  in  leaves  (e,g.  Leek). 

The  intercellular  spaces  which  contain  certain  peculiar  sub- 
stances are  treated  of  under  the  head  of  Glandular  Tissue  (p.  137). 


Fie.  89.— Intercellalar  spaces  (s)  between  cells  from  the 
Rtera  of  Z«a  Mai§  ( x  660) ;  gve,  tbe  common  wall.  (After 
Saobs.) 
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§  29.  Forms  of  Tissue.  According  to  the  form  and  arrange- 
ment of  the  const itaent  cells,  the  thickness  and  chemical  compo* 
sition  of  their  walls,  the  nature  of  their  contents,  etc.,  it  is  possible 
to  classify  the  forms  of  tissae  in  various  ways. 

Taking,  first,  the  capacity  for  growth  and  cell-foi'mation, 
embryonic  tissue  or  merislem  is  distinguishable  from  adult  or 
permanent  tusue.  The  former  consists  of  cells  {e.g.  in  the  growfng* 
point  of  a  cellular  plant)  which  grow  and  divide;  whereas  the 
latt-er  consists  of  cells  which  have  ceased  to  grow  and  divide, 
having  attained  their  definitive  form  and  size;  and  whilst  meristem 
consists  entirely  of  trae  cells,  permanent  tissue  may  consist  wholly 
or  in  part  of  cells  which  have  lost  their  cytoplasm. 

Taking,  next,  the  form  of  the  individual  cells  and  the  mode  of 
combination  into  a  tissae  which  their 
form  determines,  two  forms  of  tissue 
termed  parenchyma  and  prosenchyma  are 
distinguished.  In  parenchymatous  tis- 
sue there  is  no  great  difference  in  the 
three  axes  of  the  somewhat  cabical  cell, 
and  the  cells  are  in  contact  by  broad 
flat  surfaces  (Figs.  86,  89).  In  prosen- 
ch3rmatoo8  tissue,  on  the  other  hand, 
(Figs.  90,  92),  the  colls  are  much  longer 
than   they   are   broad,   having    pointed      ./'^^''•TrrrtrT" 

«  '  .      .  tiSMue,  lonfl^itudinal  section  (dia- 

ends     which     overlap     and     dovetail    in       gram,  magnified),  ihe  pointed 
between    those    of     other     cells     of     the       en<h»  of  the  elongated  oella  At  in 

between  each  other. 

tissue. 

By  combining  the  distinctive  characters  which  have  jost  been 
mentioned,  with  others  which  relate  to  the  nature  of  the  cell- 
contents  and  to  the  constitution  of  the  cell- wall  and  are  intimately 
connected  with  the  functions  of  the  cells,  the  following  forms  of 
permanent  tissue  may  be  distinguished  : — 

1.  Thin-walled  parenchijmatotis  tissue  consists  of  cells  having 
cell-walls  of  cellulose.  So  long  as  the  cells  are  functionally  active 
they  contain  cytoplasm ;  they  may  eventually  lose  their  cell-con- 
tents and  become  dry  and  filled  with  air  {e.g.  pith  of  Elder).  This 
form  of  tissue  is  the  main  seat  of  the  protoplasm  in  the  plant, 
and  it  is  in  the  cells  of  this  ti.ssue  that  the  chemical  processes 
connected  with  nutrition  are  more  particularly  carried  on.  It  is 
especially  well-developed  in  fleshy  and  succulent  parts  {e.g.  leaves, 
fruits,  tubers,  tuberous  roots,  etc.). 
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2.  Thick-walled  parenchymatous  tissue.  Of  this  there  are  two 
principal  forms :  (1)  that  in  which  the  cell- walls  are  lignified ; 
(2)  that  in  which  they  are  not  lignified  but  consist  of  cellulose. 
The  former  occurs  as  wood-parenchyma  in  the  secondary  wood,  and 
in  the  secondary  medullary  rays,  of  Dicotyledons.  The  latter 
commonly  occurs  as  collenchyma  just  below  the  surface  of  her- 
baceous parts  such  as  mid-ribs  of  leaves,  petioles,  young  shoots, 
etc.,  and  serves  to  give  them  firmness  (Fig.  91).  Both  forms  of  this 
tissue  retain  their  cytoplasm  for  a  long  time  after  complete  differen- 

tiation.  The  middle  lamella  (p. 
128)  of  thick-walied  parenchyma 
with  cellulose  walls,  consists  of  a 
peculiarly  dense  form  of  cellulose. 
3.  Cuticularised  tissue  consists  of 
cells  of  various  form,  generally 
parenchymatous,  the  walls  of 
which  have  undergone  more  or  less 
complete  cuticularisation  (see  p. 
106).  The  most  conspicuous  ex- 
amples of  this  tissue  are  the  epi- 
dermis, and  the  periderm  ;  in  the 
former,  the  cuticularisation  is  con- 
fined almost  exclusively  to  the  ex- 
ternal wall  of  the  cell  (Fig.  91), 
and  the  cells  retain  their  cyto- 
plasm ;  in  the  latter,  the  cuticu- 
larisation extends  over  the  whole 
cell- wall,  and  the  cytoplasm  is  soon 
lost.  In  both  cases  the  cuticulari- 
sation is  most  marked  in  the  ex- 
ternal layers  of  the  cell-wall.  In 
cork-colls  there  is  a  ccHain  amount  of  lignification  of  the  walls  as 
well.  The  middle  lamella  (p.  128)  of  cuticularised  tissue  consists 
entirely  of  cutin  (or  suberin).  Whilst  cuticularisation  generally 
occurs  in  the  walls  of  free  cells  (e  g.  spores),  or  of  the  superficial 
colls  (epidermis,  periderm)  of  a  multicellular  body,  it  occurs 
sometimes  in  internal  tissues  {e.g.  ended ei*m is). 

4.  Sclerenchymatous  tissue,  or  sclerenchyma,  consists  typically  of 
proscnchymatous  cells  which  lose  their  cytoplasm  relntively  early, 
and  then  contain  only  water  or  air,  and  are  distinguished  as  fibres; 
but  in  some  cases  they  retain  their  cytoplasm,  and  are  then  dis- 


Fio.  01.— Transverse  section  of  part 
of  leaf-tftalk  of  a  Begonia  (x  660:  after 
Sacbs).  B  Epidermis,  the  cellsof  which 
have  thickened  and  caticularised  ex- 
ternal walls ;  c  cnticle.  B  Ck^llenchj- 
matons  tissue,  with  walls  thickened  at 
the  angles  v ;  tbe  walls  of  the  epidermal 
cells  are  similarlj  thickened  where  they 
abut  on  the  collenchyma;  cl  individual 
collenchymatous  cells;  chl  chloro- 
plastids;  p  large  thin- walled  parenchy. 
matons  coll. 
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tingnished  as  fibrous  cells.  The  cell- walls  are  thickened,  some- 
times so  mnch  so  as  almost  to  obliterate  the  cavity  or  lumen  (Fig. 
92) ;  they  are  frequently  lignified  throughout,  or  only  partially,  or 
not  at  all  (e,g,  bast-fibres  of  Flax  and  Hemp);  they  commonly  have 
simple  round  pits,  or  oblique  and  narrow  bordered  pits  (Fig.  94). 


Fio.  92.— Longitudinal  section  of  the  cortex  of 
the  Oak,  showing  f  short  sclerotic  cells ;  /  fibrons 
■clerenchyma ;  pparenchymatoas  cells,  (x  900.) 


Fie.  03.— Isolated  sclerotic 
cell  from  the  leaf  of  Exostemma 
(RabiaceaB).    (x  300.)^ 


Sclerenchymatous  tissue  usually  occurs  in  masses  so  as  to  give 
firmness  and  rigidity  to  the  various  parts  in  which  it  is  present ; 
it  constitutes,  together  with  the  coUenehyma,  the  mechanically 
supporting-tissue  or  stereom  of  the  plant. 

Isolated  sclerotic  cells  (without  cytoplasm)  of  irregular  form 
(Fig.  93)  are  of  frequent  occurrence  (e.g.,  in  the  flesh  of  Pears,  in 
coriaceous  leaves  as  those  of  Camellia,  Hakea,  Olea,  etc.)  :  when 
these  cells  pi-oject  freely  into  air-cavities  (e.g.  Nymphceaceae,  Aroids, 
Limnanthemum,  Rhizophora)  they  are  sometimes  called  intei-nal 
hairs ;  short,  straight  cells  occur  in  the  secondary  bast  and  cortex 
of  many  trees  (Fig.  92). 

In  some  oases  {e.g,  Vinca,  Neriam,  Urtica,  Hamalas,  etc.),  the  young  bast- 
fibres  have  been  found  to  become  ccenocytio  in  consequence  of  the  multiplica- 
tion of  their  nuclei  by  indirect  division.  In  other  cases  the  sclerenchymatous 
fibres  become  septate  in  consequence  of  the  nuclear  divisions  being  followed  by 
tbe  formation  of  septa ;  such  apparently  multicellular  fibres  (not  uncommon  in 
the  secondary  wood  of  Dicotyledons)  are  termed  chambered  Jibres. 

5.  Tracheal  tissue  consists  of  cells  which  early  lose  their  cyto- 
plasm; their  cell- walls  are  generally,  but  not  always,  lignified,  and 
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are  either  pitted  with  simple  or  bordered  pits,  or  have  annular, 
spiral,  or  reticulate,  eto.,  thickenings  (see  p.  104)  ;  when  fully 
developed  the  tissue  contains  only  either  air  or  water. 

The  following  varieties  of  this  tissue  may  be  distinguished  : — 
a.  The  tracheids,  which  are  closed,  generally  prosenchymatous, 
cells  (Fig.  95  A  B)j  occur  characteristically  in  the  wood  of  certain 
sporophytes  (e.g.  most  Pteridophyta,  Conifene)  and  are  then  com- 
pletely lignified ;  but  they  also  occur  elsewhere,  as  in  the  tegu- 


C. 


Fie.  91.— Bolerenohymatoiis  tiMne.  A  The  end  of  a  bast-fibre,  with  strosgly  thickened 
pitied  walla  (loDgitadinal  section  x  300).  B  Wood-fibres  Trom  the  root  of  the  Cucumber 
( X  300X  surface  view  and  section.  C  Fibres  from  the  stem  of  HelianthM*  tMheroau$  ( x  SOO). 

mentary  tissue   (yelamen)  of  the  aerial  roots  of  certain  Orchids, 

where  they  are  partially  lignified;  in  certain  cells  of  the  anther; 

and  in  the  leaves  and  cortical  tissue  of  the  stem  of  Sphagnum 

(gametophyte)  where  they  are  not  lignified  at  all  (Fig.  95). 

h.  The  tracheae  are  true  vessels,  that  is,   articulated  tubes,  the 

contiguous  cell-cavities  having  been  rendered  continuous  by  the 
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complete  or  partial  absorption  of  the  intervening  walls  (Fig.  95 
C  a)  ;  the  former  is  more  frequently  the  case  when  the  interven- 
ing walls  are  horizontal,  the  latter 
when  they  are  oblique ;  they 
occur  in  the  wood  of  many  Phane- 
rogams. 

Tracheal  tissue  is  the  character- 
istic constituent  of  the  vascular 
tissue-system  to  be  described  sub- 
sequently ;  it  is  especially  adapted 
for  the  conduction  of  water.  It 
should  be  noted  that  in  all  forms 
of  lignified  ti.ssues,  whether  tra- 
cheal, sclerenchymatous,  or  paren- 
chymatous, the  middle  lamella  is 
the  most  highly  lignified  part  (p. 
128) ;  it  dissolves  readily  in  a 
mixture  of  nitric  acid  and  chlorate 
of  potash,  thus  leading  to  the  iso- 
lation of  the  constituent  cells. 

When   a    tracheal  cell   with  a 
pitted  wall  abuts  upon  cells  con- 
taining living  protoplasm,  it  not 
unfrequently  happens  that  the  thin 
pit-membranes  begin  to  bulge,  in  consequence  of  the  pressure  upon 
them  of  the  contents  of  the  living  cells,  into  the   cavity  of  the 
tracheal  cell,  and  actually 
grow  (Fig.  96).     Cell-di- 
vision may  take  place  in 
these  ingrowths,  so  that  a 
mass  of  cellular  tissue  is 
formed   in   the  cavity  of        ' 
the  tracheal  cell.     These 
ingrowths      are      termed 
tyloses ;  they  are  constant- 
ly to  be   found   in   some 
kinds  of  wood,  ($.^.  Ro- 
binia)  and  occasionally  in 
many  others. 

6.  Steve-Tissue.        This 
tissue  consists  mainly  of  long  articulated  tubes,  the  contents  of 


Fi«.  96.— Tracheal  tiBSue.  ilTraobeid 
flrom  the  leaf  of  Sphagnum.  J  The  holes 
in  the  external  wall.  B  Tracheid  from 
the  leaf  of  Polypodium  vulgar;  C  Part 
of  a  trachea  with  bordered  pita  flrom  the 
stem  of  Helianthas;  it  has  been  cat 
into  at  the  upper  end ;  a  and  b  the  arti- 
culations, where  the  absorbed  transverse 
walls  existed. 


Fio.  96  (after  Weiss).— Portion  of  wood-vessel  of 
VitU  tinifera,  in  transyerse  section,  with  adjacent 
cells  ahc,  one  of  which  has  grown  into  the  lumen 
of  the  Fdssel  forming  a  tylose  b. 
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the  eontiguons  segments  communicating  by  means  of  the  sieve- 
plates,  which  usually  lie  on  the  transverse  walls,  either  singly, 
when  the  transverse  wall  is  horizontal,  as  generally  in  herbaceous 
plants  (Figs.  97),  or  several  together,  when  the  transverse  wall  is 
oblique,  as  generally  in  woody  plants  (Fig.  98).  Each  sieve-plate 
is  a  thin  area  of  the  wall  ^hich  is  perforated  by  a  number  of 
closely  placed  open  pits.  The  sieve-plate  is  covered  on  both  sur- 
faces, and  the  pits  are  lined,  by  a  peculiar  substance  termed  callus 
(Figs.  97  0  c'j  9S  B  C  c;  99),  which  at  least  in  many  plants  peri- 
odically closes  the  pits  in  autumn.  Sieve-plates  may  also  occur 
on  the  lateral  walls  (Fig.  99).     The  rest  of  the  wall  of  the  sieve- 


B 


/I'll) 


Fxo.  97.— Sieve-tissne  of  an  herbaceous  Angiosperm  {Ciusurbita  Pepo),  A  TnnsTene 
Steve-plate  in  surface* vievr;  B  in  longitudinal  section ;  C  sieve-plate  dosed  by  a  plate  of 
callus  e;  c*  sieve-plate  on  lateral  wall,  closed  by  callus;  D  contents- of  tube  left  after 
solution  of  the  wall  by  sulphuric  acid;  <  companion-cells;  pr  lining  layer  of  protoplasm ; 
u  gelatinous  contents.    (x610:  after  Strasburger.) 

tube  is  rather  thin  :  it  is  never  lignified,  but  consists  of  cellulose. 
The  long  straight  sieve-tubes  are  connected  in  their  course  by 
short  transverse  branches,  so  that  they  form  one  continuous  sys- 
tem of  tubes. 

In  their  normal  active  condition  each  segment  of  the  sieve-tubo 
is  lined  by  a  layer  of  protoplasm  (Fig.  97  B  pr),  in  which  starch- 
granules  are  sometimes  to  be  found,  enclosing  some  gelatinons  sub- 
stance; there  is,  however,  no  nucleus  present;  the  reaction  of  the 
contents  is  alkaline. 
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With  the  sieve-tubes  of  Angiosperroa  are  closely  associated  cells, 
termed  companion-cells  (Fig.  97  «),  which  are  filled  with  granular 
proteid  contents  and  have  well-marked  nuclei;  each  companion- 
cell  is  of  common  origin  with  the  corresponding  segment  of  a 
sieve-tabe,  both  being  derived  from  one  mother-cell.  Companion- 
cells  are  not  developed  in  Gjmnosperms  and  Pteridophyta. 

The  sieve-tissae,  like  the  tracheal  tissue,  is  a  characteristic 
constituent  of  the  vascalar  tissue-system  :  it  is  very  frequently  as- 
sociated with  tracheal  tissue  so  as  to  form  one  vascular  bundle,  bat 
it  may  occur  in  independent  bundles  (e.g,  in  the  pith  of  the  stem 
of  some  Solanaceas,  Campanolaceas,  and  Compositae,  and  in  the  cor- 
tex of  the  stem  of  Cucurbitaceee,  and  some  other  plants),  and 
generally  in 
ix3ot«.  It  serves 
for  the  conduc- 
tion of  organic 
substan  ce, 
more  especi- 
ally of  proteid 
substance.  Tis- 
sue of  this  kind 
has  been  found 
to  be  present 
in  plants  so 
low  in  the 
scale  as  some 
of  the  larger 
Alg»  (Lami- 
nariaceoB). 

7.  Glandular 
Tissue,  Under 
this       general 

term  are  included  cells  which  produce  more  or  less  peculiar  sub- 
stances termed  secreta,  by  a  process  known  as  sea-etion.  The  cells 
may  be  isolated,  or  they  may  be  collected  into  groups ;  the  secre- 
tum  may  be  accumulated  in  the  cavity  of  the  secreting  cell,  or  it 
may  be  thrown  out  at  the  surface  (excreted) ;  the  process  of  secre- 
tion may  or  may  not  involve  the  destruction  of  the  secreting  cell. 

The  following  are  the  chief  varieties  of  glandular  tissue  : — 

(a)  Solid  multicellular  glands.  Good  examples  of  these  are  the 
chalk-glands  of  the  leaves  of  many  Saxifragaceae  and  Crassulacese, 


Fio.  98.-S!oTe-ti88neof  woody  plants.  Portions  of  sieve-tabes 
from  the  secondary  bast  of  the  Vine.  A  Entire  transverse  wall  and 
adjacent  parts  in  longritudinal  section  (x300);  pi  the  sieve-plates; 
fc  the  thicker  portions  of  the  cell-wall ;  h  the  protoplasmic  lining  j 
fl  gelatinous  substance ;  st  starch-granules.  B  Part  of  a  transverse 
wall  seen  from  the  surface.  C  The  same  in  section  ( x  700) ;  p  pits ; 
c  callus ;  pi  the  four  siove-plates. 
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and  the  nectaries  present  in  flowers  (floral  nectaries)  or  in  other 
parts  (extra-floral  nectaries)  of  various  plants.  In  both  these 
forms  of  gland  the  secretum,  chalk  in  the  one  case  and  sugar  in 
the  other,  is  in  solution,  and  is  excreted  at  the  surface.  In  the 
chalk-gland  the  secretum  escapes  through  a  special  channel,  a 
ucater-stoma  (Fig.  100  w]  see  also  Fig.  121,  p.  157).  In  the  nectary 
the  secretum  is  simplj  poured  ont  on  the  surface  of  the  gland. 

Chalk-glands  are  remarkable  in  that  they  are  developed  from  the  same  primary 
tissue  as  the  Tascular  bundles,  in  connexion  -with  which  they  always  occur. 
These  glands  belong  in  fact  to  the  vascular  tissoe-system  (see  p.  184). 


Fio.  09.— Sieve-tissue  of  woody  plants.  Sarfaoe-view  of  parts  of  two  Bieve-tabes  of 
Pinu»  »ylv4$tri»t  with  sieve-plates  oa  the  lateral  longitudinal  walls.  Parts  of  walls  of  these 
sieve-tubes  treated  with  iodised  chloride  of  sine:  A  before  the  formation  of  a  callus-plate; 
B  alter  the  closure  of  the  sieves  by  callus ;  0  an  old  sieve-tube  which  is  no  longer  actiTe« 
and  from  whioh  all  trace  of  oallos  has  disappeared*  ( x  640 :  aOer  Strasburger.) 

(6)  Hollow  muUxceUular  glands  are  intercellular  spaces  sur- 
rounded bj  secreting  cells,  and  are,  in  some  cases,  of  schizogenous, 
in  others  of  lysigenous,  origin  (see  p.  130.)  The  secretu.m  may  be 
mucilage,  or  gum,  or  a  mixture  of  gum  and  resin  (gum-resin),  or 
ethereal  oil,  or  a  mixture  of  ethereal  oil  and  resin  (balsam).  The 
cavities  are  either  rounded  closed  spaces,  or  are  elongated  canals, 
extending  for  some  distance  through  the  tissue ;  the  former  are 
usually  of  lysigenous,  the  latter  of  schizogenous,  origin. 

As  examples  of  lysigenous  hollow  glands,  may  be  mentioned  the 
cavities  flUed  with  gum,  which  occur  in  the  tissue  of  Cherry-trees ; 
the  oil-glands  of  the  Orange  and  Lemon,  and  in  the  leaves  of  the 
Butacead,  Myrtacese,  and  Hypericum,  where  they  can  be  discerned 
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with  the  naked  eye  as  transparent  dots.  The  deyelopmont  of  these 
oil-glands  begins  with  the  division  of  one  or  two  cells  of  the 
young  leaf,  a  group  of  cells  being  formed  in  the  cytoplasm  of 
which  oil-drops  make  their  appearance.  The  walls  between  the 
cells  (Fig.  101  B  G)  undergo  absorption,  so  that  a  cavity  is  formed 
which  is  bounded  by  the  closely -packed  adjacent  cells,  and  contains 
a  large  oil-drop  formed  by  the  fusion  of  the  oil-drops  of  the  original 
cells. 

The  most  striking  examples  of  schizogenous  hollow  glands  are  the 
Tarions  kinds  of  ducts,  such  as  the  resin-ducts  which  permeate  the 
tissues  of  most  Conif  erxe  and  AnacardiaceoB ;  the  gum-  or  mucilage- 


Fi«.  100  ^highly  magnified ;  after  Gardiner).— Left-hand  figure :  transverse  section  of  the 
margin  of  a  leaf  of  Sanfraga  enutata,  showing  the  chalk-gland  «,  which  is  continuoas  at  its 
hase  with  a  yasoalar  handle ;  w  water-stoma ;  b  hairs  to  which  the  deposit  of  calcium 
carbonate  adheres  on  the  evaporation  of  (he  exuded  drops  of  water.  Right-hand  fignre : 
some  of  the  cells  of  the  gland. 

ducts  of  the  Marattiaceee,  some  species  of  Lycopodium,  Cycads, 
Canna,  Opuntia,  etc. ;  the  gum-resin-ducts  of  the  UmbelliferaB,  and 
of  some  Araliacefe  and  Compositfe  (TubuliflorsB).  Here  the  cells  of 
the  gronp  formed  by  a  series  of  divisions  (Fig.  102  A  E),  separate 
from  each  other  so  as  to  leave  a  passage,  of  which  they  form  the 
wall,  and  into  which  they  pour  their  secreta. 

(c)  SacSf  each  consisting  of  a  single  cell.  To  this  category 
belong  the  cells  which  contain  crystals,  as  those  in  the  tissues  of 
n[iany  Monocotyledons  (Fig.  72),  in  the  bast  of  many  dicotyledonous 
trees,  in  leaves  (Fig.  103)  and  petioles  (Fig.  71)  :  the  cells  which 
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contain  mucilage,  as  in  the  parenchyma  of  TiliacesB  and  ^falvacea^ 
in  the  bark  of  Elms  and  Firs,  in  the  psendo-bnlbs  of  Orchids,  etc.: 

A 


3 


Fi9. 101.— Ljaif^nous  oil-gland  bolovr 
tbe  upper  sarrace  of  tho  leaf  of  Dxctam" 
ntt«  Fraxinella  { x  320).  fi  At  an  early 
stage ;  0  mature ;  c  mother-cells  of  the 
gland  before  their  absorption  ;  o  a  large 
drop  of  ethereal  oil.    (After  Sachs.) 


Fi«.  102.— Schizogenoos  resin^dact  in  tbe 
young  stem  of  tbe  Ivy  (H«dera  Ue\ix\  transverse 
section  (  k  800).  A  An  early,  B  a  later,  stage ; 
g  the  resin-ducts ;  c  the  cambium:  vb  the  soft 
bast;  b  bast-fibres;  rp  cortical  parenchyma. 
(After  Sachs.) 


Fio.  103.— Sao  containing  a  crystal, 
from  the  leaf  of  KhavxnvM  Frangula:  4 
upper  epidermis;  p  palisade-tissue:  o 
Chloroplastids ;  k  the  crystal,     (x  200.) 


Fio.  104.— Part  o  f  section  of  tho  petiole 
of  the  Camphor-tree  {CinnavMrnum 
Camvhora)t  showing  a  resin-sac  H. 


the  cells  which  contain  tannin,  as  in  manj  Ferns  and  other  plants  : 
the  cells  which  contain  oil-resin  as  in  the  Lauraceae  (Camphor,  Fig. 
104),  the  Zingibcrace89,  many  Conifei-s  (wood  of  Silver  Fir),  etc. 
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These  cells  are  frequently  arranged  in  longitudinal  rows  :  for 
instance,  the  tannin-sacs  of  the  Hop ;  the  sacs  containing  raphides 
amd  mucilage  in  Tradescantia  and  many  other  Monocotyledons ; 
the  gnm-reain  sacs  ("  vesicular  vessels  ")  of  the  bulb-scales  of  the 
Onion;    the  sacs  containing   crystals  of  calcium  oxalate  in  the 
cortex  of  many  woody 
Dicotyledons;  the  sacs 
containing  milky  juice 
or      latex      (commonly 
gum-resin)  in  the  Syca- 
more,   the     Con  vol  vu- 
laceee,    and    the   Sapo- 
tacece     (especially     in 
Isonandra     Gutta,     the 
latex  of   which  consti- 
tutes gutta-percha). 

d,  Laticiferous  vessels. 
These  structures  re- 
semble the  sacs  con- 
taining milky  juice 
(latex)  in  the  nature 
of  their  contents,  and 
differ  from  them  struc- 
turally only  in  that  the 
walls  between  adjacent 
cells  have  become  ab- 
sorbed, thus  forming 
syncytes  (p.  91). 

In  the  simplest  case, 
the  laticiferous  vessel 
merely  consists  of  a 
longitudinal  row  of 
cells  whose  transverse 
septa  have  become  ab- 
sorbed, thus  forming  a 
syncyte  of  the  nature 
of  a  vessel.  When  two 
such  vessels  are  in  con- 
tact laterally,  the  cell- walls  are  absorbed  at  the  point  of  junction, 
and  in  this  way  a  continuous  system  of  laticiferous  vessels  is 
formed.      This   occurs   in    the   greater    Celandine   {Chelidonium 


Fio.  103.— Laticiferoas  vessels  fVom  the  cortex  of 
the  root  of  Sconouera  hiipaniea,  tangential  section.  A 
BlighVij  magnifled;  B  a  small  portion  highly  magni- 
fied.   (After  Sachs.) 
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majus)y  and  in  the  Bananas  (Masa)  where,  however,  the  latex  is 
not  milky. 

More  commonly,  as  in  the  CichoriesB  (e.g.  Dandelion,  Scorzo- 
nera),  the  Campanulaceoe,  and  in  most  Papareraceae  (but  not  in 
Sangainaria,  Glaucium,  and  Bocoonia,  where  the  lat.ex  is  contained 
in  sacs),  the  cell-fusions  take  place  in  all  directions,  producing  a 
dense  network  (Fig.  105). 

Structures  apparently  of  the  nature  of  laticiferous  vessels  occur 
in  certain  Basidiomycetous  Fungi  (e.g. 
Lactarius) . 

e.  Laticiferous  ccsnocytes,  commonly 
known  as  "laticiferous  cells,"  occur  in 
some  EnphorbiaceeB  (Eaphorbieie,  Hip- 
pomanesB),  in  the  UrticacesB,  Apocy- 
naceed,  and  AsclepiadacesB.  As  already 
explained  (p.  90),  these  "cells"  are 
really  coenocytes ;  they  are  visible  in 
the  early  stages  -of  the  development  of 
the  embryo,  and  they  grow  and  branch 
in  the  tissue  as  if  they  were  independent 
organisms  (Fig.  106).  As  they  extend 
from  one  end  of  the  plant  to  the  other, 
they  attain  a  very  considerable  length 
in  many  cases.  Their  walls  are  fre- 
quently thickened  (e.g.  Euphorbia),  but, 
like  those  of  the  laticiferous  vessels, 
they  are  not  lignified.  They  contain 
protoplasm  with  many  nuclei,  which 
multiply  by  mitotic  division,  and  in  the 
older  parts  latex  is  abundantly  present. 
The  latex  of  the  EuphorbiacesB  containB 
curious  rod- like  or  dumb-bell-shaped 
starch-grains  (Fig.  107). 

Very  mach  elongated  struotores,  somewhat  resembling  the  laticiferous 
ocenooytet  jast  described,  have  been  observed  in  certain  plants,  but  it  is  a  ques- 
tion whether  tbey  are  cells  or  coenocytes.  They  may  contain  tannin  {e,g.  Elder, 
Polygonacee),  or  latex  (Cnicns,  Cardnns,  Arctium). 

/.  Epidermal  Glands.  Whilst  all  the  preceding  forms  of  glan- 
dular tissue  are  developed  in  the  internal  tissues  of  plants,  some> 
what  similar  glandular  structures  are  developed  from  the  super- 
ficial layer  (epidermis),  most  commonly  in  the  form  of  hairs  (p  64), 


Fio.  106.~A  portion  of  a  lati- 
ciferous coenocyte  dissected  out 
of  the  leaf  of  a  Euphorbia,  (x 
120 :  after  Haberlandt.) 
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eitKer  nnicellnlar  or  multicellular.     When  the  multicellular  hair 
consists  of  a  single  row  of  cells,  the  secretion  is  generally  confined 


B  A 

Fio.  107.— (Highly  magnified,  after  Dippel).  A  Part  of  a  laticiferous  ccenocyte  of  SupHor- 
hia  ipUnden$.  la  the  latex  are  peculiar  rod-shaped  starch-grain e.  B  Network  of  latici- 
ferous  vefMseU  from  the  root  of  Cichorium  IntyhuB. 

A' 

either  to  a  large  terminal  cell,  or  to  several  of  i 
the  distal  cells ;  in  any  case  the  secretion  begins 
with  the  terminal  cell,  and  extends  backwards  to 
other  cells  towards  the  base.  The  gland,  thongh 
epidermal  in  origin,  does  not,  however,  always 
project  from  the  surface,  but  may  be  more  or 
less  snnk  in  the  internal  tissue  (e.g.  glands  in  the 
leaf  of  the  Psoralea  hirta). 

The  secretum  (which  may  consist  of  mucilage, 
or  gum-resin,  or  ethereal  oil,  balsam,  etc.)  is 
accumulated  either  in  the  cavity  of  the  secreting 
cells  (e.g,  mucilaginous  hairs  at  the  growing- 
point  of  Liverwort-gametophytes  and  of  Fern- 
sporophytes),  or  between  the  external  cuticle  and 


Pio.  108.  — Glan- 
dalar  hair  from  the 
base  of  a  ramentam 
of  Atpidiwn  Filix 
mas  (x200):  t,  the 
Becretam*  lying  be- 
tween the  outer  and 
inner  layers  of  the 
cell- wall,  e  and  m. 
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the  deeper  layers  of  the  caticalarised  cell- wall  {e.g,  mucilagi&oas 
hairs  [colleters]  on  the  bads  of  many  Phanerogams,  resinous  hairs 
generally;  Fig.  108). 

§  30.  General  Morphology  of  the  Tissue-Systems. 
When  a  form  of  tissue  constitutes  a  complex  which  extends  con- 
tinuously throughout  the  body  of  a  plant,  or  over  considerable 
areas,  it  is  spoken  of  as  a  tissue-systemf  for  instance,  a  laticiferous 
system,  a  resin-duct  system,  a  sieve-tube  system,  etc. ;  or  a  more 
elaborate  system  may  be  produced  by  the  combination  of  two  or 
more  systems :  for  instance,  the  sieve- tube  system  and  the  tracheal 
system  taken  together  constitute  the  vascular  tissue-system.  Fur- 
ther, by  the  study  of  the  anatomy  of  fully-developed  parts  some 
idea  can  be  obtained  of  the  relative  morphological  importance  and 
arrangement  of  the  tissue-systems.  Thus,  confining  attention  for 
the  present  to  the  sporophyte  of  the  Vascular  Plants  (i.e.  Pterido- 
phyta  and  Phanerogams),  it  is  found  that  some  of  these  tissue- 
systems,  such  as  the  laticiferous  system  and  the  resin-duct  sys- 
tem, are  present  in  certain  plants  only.  Since  they  are  absent  in 
the  majority  of  the  plants  under  consideration,  it  is  clear  that 
these  two  tissue-systems  can  only  be  of  secondary  importance. 
On  the  other  hand  it  is  clear  that  the  tissue-systems  which  are 
present  in  all  these  plants  and  in  all  parts  of  them,  must  be  of 
primary  importance.  Observation  shows  that  this  applies  to 
three  tissue-systems.  It  is  found,  first  of  all,  that  all  these  plants 
and  their  parts  (at  any  rate  when  young)  are  covered  at  the  sur- 
face by  a  definite  membrane  consisting  of  (usually)  a  single  layer 
of  cells  constituting  the  Tegumentary  Tissue- System  (Fig.  109  e). 
It  is  found  secondly  that  tracheal  tissue  and  sieve-tissue,  either 
separate  or  closely  associated,  are  distributed  in  strands,  termed 
vascular  bundles  (Fig.  109  /),  throughout  the  internal  structure, 
constituting  the  Vascular  Tissue-System ;  and  it  is  found,  finally, 
that  the  rest  of  the  structure  of  the  plant  is  made  up  of  tissue, 
largely  parenchymatous,  but  usually  to  a  certain  extent  prosen- 
chymatons,  which  constitutes  the  Fundamental  or  Ground  Tissue- 
System  (Fig.  109  g  g). 

The  other  tissue-systems  are  subordinate  to  these  th]X>e  prin- 
cipal tissue-systems,  and  are  distributed  throughout  them;  for 
instance,  the  mechanical  tissue-system  (stereom),  including  collen- 
chyma  and  sclerenchyma,  is  developed  as  well  in  relation  with  the 
vascular  as  with  the  fundamental  tissue-system ;  and,  similarly. 
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the  glandalar  tissne-sjstem  is  developed  in  relation  with  either 
the  vascalar,  the  fundamental,  or  the  tegnmentary  tissoe-system. 

It  is,  however,  impossible  to  arrive  at  the  essentially  morpholo- 
gical  relations  of  the  tissne-sy stems  without  a  study  of  their 
development,  a  stady  which  will  now  be  entered  upon  with  the 
consideration  of  the  apical  growing- points  of  the  stems  and  roots 
of  the  sporophyte  of  the  Vascular  Plants. 

As  already  pointed  out  (p.  18),  the  growing-point  consists,  in 
these  plants,  of  embryonic  tissue,  the  cells  of  which  may  be  of 
approximately  nniform  size,  constituting  a  small-cMed  primary 
meristem ;  or  there  may  be  at  the  organic  apex  a  cell  conspicuously 
Inrger  than  the  rest,  the  apical  cell ;  or  a  group  of  several  larger 
initial  cells, 

a.  Growing-points  consisting 
of  small-celled  m,eristem  are, 
with  rare  exceptions,  to  be 
found  in  the  roots  and  stems 
of  Phanei-ogams,  as  also  in 
the  root  of  Lycopodium  and 
Isoetes  among  the  Pterido- 
phyta.  Although  the  cells 
are  all  embi^yonic,  they  never- 
theless present  such  a  degree 
of  differentiation  as  to  make 
it  possible  to  distinguish  three 
well-defined  rudimentary  tis- 
sue-systems. 

In  the  stem,  a  growing- point 
of  this  kind  usually  presents        ^/.«-  ^l"'^"  VT^'^if'vIT'  ""J  T"' 

•^    ^^         ^  section  of  the  petiole  of  Helleboros  ( x  20).    • 

the  appearance   shown  in  .Fig.       Epidermis;  9  fundamental  tiMne; /vascular 
110.      It    consists,   in    the   first       »y»tem;«xjlem;obasti  bsc!erenchymawus 

tissue. 

place,  of  a  well-defined  super- 
ficial layer  which,  on  being  traced  backwards,  is  seen  to  be  con- 
tinuous with  the  primary  tegnmentary  tissue  (epidermis)  of  the 
older  part« ;  this  layer  is,  in  fact,  the  embryonic  epidermis  or 
dermatogen  (d)  ;  it  is  quite  distinct,  morphologically,  from  the 
subjacent  cells,  and  is  characterized  by  the  fact  that  its  cells 
only  undergo  division  in  planes  perpendicular  to  the  surface  (anti- 
clinal), and  not  in  any  plane  parallel  'to  the  surface  (periclinal) , 
Consequently,  whilst  the  dei'matogen  inci'eases  in  area,  so  as  to 
keep  pace  with  the  growing  tissues  within,  it  does  not  become 
many-layered,  but  remains  a  single  layer  of  cells. 

v.  s.  B.  L 
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In  the  middle  of  the  growing-point  is  a  solid  mass  of  somewhat 
elongated  cells  (p  p)  constituting  the  pleromey  and  terminating 
in  one  or  more  initial  cells ;  on  tracing  this  backwards  into  the 
older  part  of  the  stem  it  is  found  to  give  rise  to  a  single  axial 
cylinder  of  tissue,  the  stele,  in  which  the  vascular  tissue  is  de- 
veloped; such  a  stem  is  said  to  be  monostelic.  In  some  cases, 
however,  more  than  one  plerome- strand  is  present  at  the  growing- 
point,  and  the  stem  consequently  contains  more  than  one  stele 
{e.g,  Gunnera),  and  is  said  to  he  polystelic. 

Between  the  dermatogen  eztemallj  and  the  plerome  internally, 
is  a  layer — less  frequently  sevei^l  layers — of  cells  constituting  the 
periblem ;  the  cells  of  these  layers  undergo  divisions  both 
anticlinally  and  periclinally,  so  that  both  the  area  of  each  layer 

and  the  number  of  the 
layers  are  increased. 
On  tracing  the  periblem 
backwards  into  the  older 
parts,  it  is  found  to  be 
continuous  with  the 
extm-stelar  fundamental 
tissue  (primary  cortex). 

The  growing-point  of 

the   root    (Fig.    Ill)   of 

n  p  ^  one   of   these  plants  es- 

Fi«.iio.-Medlanlongit«dinai«eoti<»ioftbegrow.      sentially  resembles   that 

ioff-point  of  the   stem  of  Hippwrit  wlgari:     The  of   the  stem  in  its   Struc- 

growing.polnt  consists  of  a  smMl^^lled  meristem,  ^^^^        ^j^^     small- celled 
differeatiated  into  dermatogen  d,  plerome  pp,  and  .  •        -i* 

periblemconsistingof  the  five  layers  of  cells  between  meristem     is     dllFerenti- 

the  plerome  and  the  dermatogen;  I  rudiment  of  a  ated,  at  leasfc  primarily, 

leaf.    (After  de  Bary;  X  226.)  .         '     j  .  / 

into  dermatogen,  ple- 
rome, and  periblem.  But  there  is  this  distinctive  peculiarity 
about  the  dermatogen  of  the  root,  that  its  cells  undergo  division, 
not  anticlinally  only,  as  in  the  stem,  but  periclinally  also,  so  that 
the  epidermis  of  the  root  is  many-layered  (except  in  HydrochanK 
and  Lemna,  where  it  remains  a  single  layer).  This  many-layered 
epidermis,  however,  is  gradually  exfoliated  as  the  parts  grow 
older,  and  persists  only  at  the  apex  constituting  the  root-cap 
(see  p.  6).  The  only  other  important  fact  to  be  noticed  at  present 
is  that  the  root  has  only  a  single  stele,  that  is,  it  is  always  mono- 
stelic. 
The  foregoing  description  is  applicable  (o  all  growing-points  with  a  small- 
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celled  meristem.  It  is,  however,  frequently  the  case,  especially  when  the  etem 
or  root  is  rather  balky,  that  the  distinction  of  the  initial  layers  is  not  clear,  and 
that  they  seem,  in  fact,  to  have  to  a  greater  or  less  extent  a  common  origin, 
and  various  such  **  tyi>es "  of  structure  of  the  growing-point  have  been 
described ;  these  **  types  *'  are,  however,  only  variations  of  the  relations  as 
described  above,  due  to  irregularities  of  growth. 


Fes.  lll.-lfediaa  longitadinal  Mction  through  the  growing-point  of  the  root  of  Hdrd«um 
vvl^r*  (Barley):  r  roct-cap ;  k  initial  cells  of  the  dermatogen  of  the  many-layered  epider- 
mis; d-tf»  cortex ;  d  epiblema  with  macilaginons  external  layer  of  oell-wall  o ;  i  cortical 
tianie  with  interoellalar  spaces ;  m  endcdermis ;  the  whole  poriblem  (pi')  is  derived  from 
the  single  layer  of  two  initial  cells  at  the  apex ;  pi  plerome ;  a  row  of  cells  which  give  rise 
to  a  large  central  wood- vessel.    (After  Strasbarger :  x  180.) 

(.   Qrowtng-points   with  a  tingle  apical  cell  are  to  be  found  in 
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stems  and  roots  of  most  Pteridophjta :  for  instance,  in  the  stems 

and  roots  of  all 
Leptospoi'au- 
giate  FilicinaB, 
and  in  those  of 
Ophioglossa- 
0683  (bat  not  in 
those  of  the 
Marattiaceee)  ; 
in  those  of  the 
^  EqnisetinaB; 
and  in  those  of 
some  species  of 
Selaginella  (S. 
Martensti  and 
Kraussiana). 
The  shape  of 
the  apical  cell 
is  genei'ally  a 
three  -  sided 
pyramid  with 
a  spherical 
base,  the  base 
being  at  the 
surface  of  the 

member  and  the  apex  being  directed  inwards ;  less  commonly  the 
apical  cell  has  only  two  sides  or  flanks  and  is  then  somewhat  len- 
ticular in  shape 
{e.g,  that  of  the 
rhizome  of  Fterxs 
aquilina,  stem  of 
Salviniaceae,  and 
frequently  in  the 
above  species  of 
Selaginella). 

In  growing* 
points  of  this 
structure  it  is 
seen  (Fig.  112) 
that  the  embry- 
tissue-systems  are  not  continuous  as  in  the  Phanerogams, 


Via.  112.— Growing-polut  of  the  stem  of  EquUetum  arvense,  in 
longitadinal  section;  t  apical  cell;  •'•"  successive  segments; 
p  anticlinal  segment-wall ;  m  wall  dividing  the  segment  into  an 
upper  and  a  loiver  cell;  pr  penclinal  vrall  dividing  the  segment 
into  an  inner  and  an  outer  cell;  fff  successive  whorls  of  leaves; 
g  initial  cell  of  a  lateral  bud.    (After  Strasburger:  x  240.) 


Fia.  113.— Diagrams  illustrating  the  division  of  the  apical 
coll  of  the  stem  of  Equisetum :  A  longitudinal  section  ;  B  sur- 
face  view.  The  numbers  1-7  indicate  the  successive  segmental 
walls;  the  fainter  lines  indicate  the  walls  of  subsequent  divi- 
sions of  the  segments. 
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bat  are  intermpted  at  the  apex  bj  the  large  apical  cell.  The 
apical  cell  is,  in  fact,  the  initial  ceU  for  all  the  tissue-systems. 
The  apical  cell  undergoes  division  by  walls  formed  parallel  to 
each  of  its  (two  or  three)  flanks  snccessively,  the  segments  thns 
formed  growing  and  dividing  to  form  the  tissaes  of  the  stem  or 
root.  In  the  root  the  apical  cell  also  undergoes  divisions  parallel 
to  its  curved  base.  After  the  cutting  off  of  a  segment  the  apical 
cell  grows  to  its  previous  size,  so  that  the  repeated  segmentation 
does  not  diminish  the  bulk  of  the  apical  cell. 

The  most  important  morphological  fact  in  connection  with  the 
subsequent  division  of  the 
segments  cut  off  from  the 
flanks  of  the  apical  cell  is 
that  each  such  segment 
is  divided  by  a  periclinal 
wall  into  an  external  and 
an  internal  half ;  from  the 
external  half  are  developed 
cells  belonging  to  the  cor- 
tical ground-tissae,  the 
outermost  layer  of  which 
eventually  acquires  the 
characters  of  an  epider- 
mis, though  it  is  not  the 
morphological  equivalent 
of  the  epidermis  of  the 
stem  of  Phanerogams,  but 
is  only  the  external  layer 
of  the  cortex,  being  of 
common  origin  with  the 
other  cortical  layers ;  from 
the  internal  half  of  the 
segment  is  developed  a  portion  of  one  or  more  plerome-strands, 
and  a  certain  amount  of  internal  ground-tissue  as  well. 

The  segments  cut  off  parallel  to  the  base  of  the  apical  cell  of 
the  root  (Fig.  114  c' ;  Fig.  115  fc)  represent  a  true  dermatogen,  a 
structure,  which,  as  mentioned  above,  is  wanting  in  the  stem. 
These  dermat<5J[en-segments  grow  and  divide  both  anticlinally  and 
periclinally  to  form  the  root-cap  (Fig.  114  c  c ;  Fig.  115  /c") ;  but 
this  many-layered  epidermis  only  persists  at  the  growing-point, 
since  it  becomes  entirely  exfoliated  as  the  parts  grow  older. 


Fig.  114.— Diagram  of  growlngf.polnt  of  a  Forn- 
root.  A  A  AnticUnal  walls ;  P  P  periclinal  walls  ; 
•  apical  cell ;  h  h  segments  oat  ott  from  the  flanks 
of  the  apical  cell;  c*  segment  cut  off  the  base 
of  the  apical  cell ;  e  e  cells  derived  from  previous 
segments  cut  off  from  the  base  of  the  apical  cell, 
now  forming  the  root-cap.    (After  Bower.) 
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c.  Growing-points  with  a  group  of  common  initial  cells  occur  in 
certain  Pteridophyta  (e.g,  in  tlie  stems  and  roots  of  Marattiacese, 
of  Osmnnda  sometimes ;  stems  of  Ljcopodinm,  Isoetes,  some 
Selaginellas).  In  these  cases,  there  is  a  group  of  frequently  four 
cells  which  are  the  common  initials  of  the  tissne-sj stems.  The 
general  relations  of  the  tissue-systems  are   here   essentially  the 

P  Ph 


Fio.  115.* Median  longritndinal  section  through  the  apex  of  the  root  of  PUr.9  ei*«iica ;  ( 
apical  cell ;  Ic  initial  segment  of  dermatogen ;  ];",  ontermost  layer  of  root-cap ;  p  wall  mark- 
ing  limit  between  the  plerome  P  aod  the  periblem  Fb ;  c  wall  marking  the  inner  limit  of ' 
the  outer  cortex.    (After  Strasborger :  x  240.) 

same  as*  in  those  forms  in  which  the  growing-point  has  a  single 
apical  cell :  in  these  cases,  as  in  those,  there  is  no  properly  differ- 
entiated dermatogen  in  the  stem,  and  consequently  there  is  no  layer 
which  is  morphologically  equivalent  to  the  epidermis  of  the  stem 
in  the  Phanerogams. 
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The  Growing -point  in  the  lower  planti.  In  the  gametophyte  of  the  Brjophyta, 
the  growing-point  of  the  stem  or  of  the  thallus  has  either  a  single  apical  cell 
(all  Mosses ;  JangermanniaoesB)  or  a  groap  of  apical  cells  (MarchantiacesB,  Antho- 
ceroiaoetB) :  the  growing-point  of  the  sporopbyte  of  the  Liverworts  has  a  group 
of  four  initial  cells,  whilst  that  of  the  Mosses  has  a  single  two-sided  apical  cell. 
In  none  of  these  plants  is  there  a  trae  dermatogen  ;  conseqaontly,  like  the  stem 
of  the  Pteridophyta,  they  are  destitute  of  a  trae  epidermis.  In  both  the  stem  of 
the  gametophyte  and  the  thalloid  shoot  of  the  sporopbyte  of  certain  Mosses, 
what  may  be  regarded  as  a  single  central  stele  is  differentiated. 

In  the  higher  Algffi,  the  shoot  (or  thallus)  also  grows  by  means  of  a  single 
apical  cell:  in  the  more  filamentous  forms  {e.g.  some  Floridete,  Characcse)  the 
apical  cell  is  hemispherical  in  form,  and  segments  are  cut  off  by  transverse  walls 
in  one  plane  only ;  in  other  more  bulky  forms  of  Florideas  there  is  a  group  of 
initial  cells ;  in  nearly  all  these  forms  a  more  or  less  distinct  diiTerentiation  of 
a  central  medullary  tissue  and  of  a  cortical  tissue  takes  place  :  in  the  Fucaceae 
there  is  a  single  apical  cell  in  the  growing-point,  with  either  three  or  four  flanks 
along  which  segments  are  cut  off;  when  the  apical  cell  is  four- sided,  segments 
are  also  cut  off  internally  along  the  truncate  base  of  the  cell ;  the  tissues  soon 
show  differentiation  into  a  cortical  and  a  medullary  region. 

In  unseptate  or  imperfectly  septate  plants,  having  apical  growth  {e,g.  Siphon- 
aceoos  AlgsB,  Oladophora,  etc.),  the  growing-point  (like  the  rest  of  the  body)  is 
not  cellular,  but  consists  merely  of  embryonic  protoplasm. 

d.  The  Morphology  of  the  Stele.  The  plerome,  constitTiting  the 
yonng  stele,  always  gives  rise  to  vascular  tissue  and  usually  to  a 
certain  amount  of  fundamental  tissue  which  is  distinguished  as 
intra-stelar  fundamental  tissue^  or  more  briefly  as  conjunctive  tissue. 

Tlie  first  indication  of  the  development  of  vascular  tissue  in 
the  stele  is  afforded  by  the  differentiation  of  a  varying  amount  of 
procamhium  or  primary  deSTnogen,  consisting  of  somewhat  elongated 
narrow  cells  formed  by  repeated  longitadinal  division,  which  is 
the  embryonic  tissue  from  which  the  vascular  tissue  is  eventually 
formed.  The  procamhium  frequently  constitutes  one  solid  central 
Htrand,  surrounded  by  more  or  less  conjunctive  tissue  constitating 
the  pericyde;  this  is  sometimes  the  case  in  slender  roots  (see 
Fig.  131),  in  slender  monostelic  stems  (e.g.  many  aquatic  Phanero- 
gams, such  as  Callitriche,  Myriophyllam,  Elodea,  Naias;  rhizomes 
of  Adoxa,  Corallorhiza,  Epipogum;  among  Pteridophyta,  Isoetes, 
Salvinia,  Azolla,  Psilotum,  Lycopodium,  Hymenophyllum,  Lygod- 
ium,  Gleichenia,  Schizsea),  and  generally  in  the  steles  of  poly- 
stclic  stems.  More  commonly,  however,  the  procamhium  of  stout 
roots  and  monostelic  stems  is  developed  as  a  number  of  strands 
variously  arranged; in  the  stele,  generally  in  a  circle  or  in  several 
circles;  the  strands  thus  forming  an  incomplete  hollow  cylinder 
enclosing  a  central  mass  of  conjunctive  tissue,  the  medulla  or  pithy 
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whilst  the  conjanotive  tissue  betweei>  the  strands  constitutes  the 
medullai'y  rays. 

In:  all  cases  the  stele  (whether  one  or  more^  is  at  an  early  sta^e 
TOftrked  off  fi-ora  the  extra-stelar  gi'onnd-tissue,  the  layer  of  the 
ground-tissue  which  abuts  on  the  stele  being  specially  differentiated 
as  a  sheath,  the  endodermis  (see  Fig.  116  Und,),  which  forms  a 
continuous  covering  to  the  stele  or  any  isolated  portion  of  it. 

All  primary  stems  are  typically  monostelic  to  begin  with,  but 
as  they  increase  in  bulk  this  type  of  structure  is  departed  from 
in  various  ways;  typical  monostely  is,  however,  the  rule  in  the 
stem  of  Phanerogams,  and  is  frequent  in  that  of  Pteridophyta  (in 
Hymenophyllum,  Trichomanes,  Lygodium,  Gleichenia,  Osmunda, 
Todea,  lower  part  of  the  stem  of  the  Ophioglossace»,  Salvinia, 
Azolla,  Lycopodium,  Isoetes,  some  species  of  Selaginella). 

The  variations  from  the  primitive  monostelic  structure  are 
polystely  (p.  146)  and  schizostdy.  In  polystely,  the  whole  of  the 
single  stele  passes  over,  as  the  stem  grows  and  enlarges,  into  a 
varying  number  of  steles  which  can  be  traced  to  the  growing- 
point  as  distinct  plerome-sti-ands.  Polystely  is  rare  in  stems 
which  have  a  growing-point  without  an  apical  cell,  whilst  it  is 
common  in  stems  where  the  growing- point  has  an  apical  cell^ 
hence  it  is  rare  in  Phanerogams  (occurs  in  Auricula  and  Gunnera), 
and  is  common  in  Pteridophyta  (especially  Leptosporangiate 
Ferns,  and  some  Selaginellas). 

An  important  modification  of  the  polystelic  structure  is  that 
which  is  termed  gamostelic ;  in  this  case  the  several  steles  are  not 
distinct  for  any  considerable  distance  in  their  longitudinal  course; 
but  some  or  all  of  them  fuse  with  each  other  at  more  or  less 
frequent  intervals  for  longer  or  shorter  distances  ;  this  is  common 
in  Ferns,  Marsilea,  etc. 

In  schizostely,  the  single  primitive  stele  breaks  up  into  as  many 
distinct  strands  as  it  possesses  vascular  bundles ;  and  since  each 
such  strand  may  consist  of  but  little  more  than  the  vascular 
bundle  with  a  pericycle,  the  chief  part  of  the  conjunctive  tissue 
of  the  primitive  monostele  is  excluded  irouh  the  schizost'Cles, 
and  becomes,  in  fact,  extra-stelar  ground-tissue  (see  Fig.  116  B)y 
each  schizostele  being  invested  by  its  own  segment  of  the  en- 
dodermis. This  obtains,  among  Phanerogams,  in  the  NympheBaoeae, 
Hydrocleis,  Limnocharis,  some  species  oi  Ranunculus  (B, 
aquatilis  and  Lingua)  ;  among  Pteridophyta,  in  the  upper  part  of 
the  stem  of  the  Ophioglossacete,  and  in  Equisetum.     The  schizo- 
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steles  may  remain  distinct  in  the  intemodes,  or  they  may  fuse 
more  or  less  (Fig.  116  C). 

The  general  morphology  of  the  tissues  of  the  leaf  is  essentially 
the  same  as  that  of  the  stem  which  bears  it.  When  the  stem  is 
polys telic,  one  or  more  complete  steles  enter  the  petiole  of  the  leaf 
which  is,  consequently,  either  monostelic  or  polystelic.  When 
the  stem  is  monostelic,  each  leaf  receives  a  portion,  termed  a 
merititeley  of  the  stele  of  the  stem ;  this  meristele  may  be  either 
entire,  or  be  split  up  into  a  number  of  schizosteles,  each  of  which 
may  consist  of  but  little  more  than  a  vascular  bundle. 


A 


Fig.  116  —Portions  of  transverse  sections  of  stems  of  species  of  Eqnisetuni,  illnstrating 
scliizostcly  (after  Pfltzer:  x  96).  B  Typical  scbixostelic  rhizome  of  B.  litoralt;  C 
scbizostelic  gamodesxnic  rhisome  of  B.  tilvaticum ;  A  aerial  stem  of  B.  j>alxutre,  in  which  the 
Ptractare  is  the  same  as  in  C,  but  the  markings  of  the  internal  endodermal  lajer  are  not 
deTeloi)ed,  so  that  the  stem  appears  to  be  monostelic ;  a  central  cavity ;  b  vallecalar 
cavities  in  the  cortex ;  c  carinal  cavities  in  the  echixosteles ;  End.  endodermis. 

The  primary  tissues — that  is,  the  tissues  which  are  developed 
from  the  primary  meristem  of  a  growing-point  or  of  an  embryo — 
will  now  be  considered  in  detail.  The  following  account,  unless  it 
is  expressly  stated  otherwise,  refers  exclusively  to  the  sporophyte 
of  the  Vascular  Plants. 

§  31.  The  Primary  Tegumentary  Tissue.  The  primary 
tegumentary  tissue  may  be  generally  described  as  the  external 
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layer  of  cells  covering  the  body  of  the  plant,  and  is  commonly 
termed  the  epidermis ;  bnt  neither  the  morphological  nature  of 
this  tissue,  nor  its  structure,  is  uniform  throughout  the  Vegetable 
Kingdom. 

Morphology,  A  true  epidermis  only  exists  in  those  plants,  and  in 
those  parts  of  them,  where  there  is  a  definite  dermatogen  ;  a  true 
epidermis  can,  therefore,  only  be  present  in  the  Phanerogams  and  in 
the  roots  of  the  Pteridophyta,  in  view  of  the  structure  of  the  grow- 
ing-points as  described  in  the  previous  paragraph,  and  the  word 
epidermis  is,  strictly  speaking,  only  applicable  to  such  a  tegumen- 
tary  tissue.  It  is,  however,  convenient  to  apply  this  term  gene- 
rally to  the  primary  tegumentary  tissue  of  the  shoot,  and  to  apply 
the  term  epiblema  to  the  primary  tegumentary  tissue  of  the  root, 
apart  from  the  root-cap. 

As  regards  the  shoot,  whilst  there  is  a  true  epidermis  in 
Phanerogams,  that  of  the  Pteridophyta  (as  also  of  the  lower  plants) 
is  merely  the  external  layer  of  the  cortex 

In  the  root  there  is  considerable  variety  in  the  morphological 
nature  of  the  epiblema.  Thns,  in  Hydrocharis  and  Lemna,  the 
dermatogen  is  and  remains  a  single  layer  of  cells  which  persists 
in  the  adult  portion  of  the  root  as  the  epiblema  which  is,  therefore, 
a  true  epidermis  morphologically  equivalent  to  that  of  the  stem. 
In  most  cases,  however,  the  dermatogen  becomes  many-layered ; 
this  persists  at  the  apex  as  a  root-cap,  but  gradually  exfoliates  on 
the  older  parts  behind  the  apex,  either  partially,  so  that  a  single 
layer  of  it,  the  innermost,  persists  as  the  epiblema  of  the  root  (as 
in  most  Dicotyledons,  Gymnosperms,  Lycopodium,  Isoetes) ;  or 
entirely  (as  in  Monocotyledons,  and  in  Nymphajaceae  among  Dicoty- 
ledons), so  that  the  epiblema  is  merely  the  external  layer  of  the 
cortex.  The  root  of  Pistia  and  Pontederia  lias  no  dermatogen,  and 
consequently  no  epidermis  at  all,  the  epiblema  being  the  external 
layer  of  the  cortex :  the  root  of  these  plants  is,  in  this  respect, 
quite  similar  to  the  shoot  of  the  Pteridophyta,  etc.,  mentioned 
above. 

Structure.  In  the  great  majority  of  cases  the  primary  tegumen- 
tary tissue  consists  of  a  single  layer  of  cells ;  but  to  this  rule  there 
are  several  important  exceptions.  Thus,  the  epidermis  of  the 
foliage- leaves  of  certain  plants  {e.g.  Ficus,  Peperomia,  Begonia) 
consists  of  two  or  more  layers  of  cells.  Similarly,  the  root-cap  to 
be  found  in  nearly  all  roots  is  a  many-layered  epidermis.  Again, 
the  aerial  root  of  certain  epiphytic  plants  (Orchids,  Aroids)  has 
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a  many-layered  epiblema,  known  as  the  velamen,  consisting  of 
empty  tracheidal  cells  wifch  reticulated  and  perforated  walls 
(see  p.  134). 

The   cells  of  the   epidermis  of 
the  shoot  of  land-plants,  are  cha-  / 

racterised  by  the  thickening  and 
coticnlarisation  of  their  cell- walls  / 

(see  p.  132).     The  external  wall  is  / 

asaally  moch  more  thickened  than 
the  other  walls;  its  oatermost 
layer,  termed  the  cuticle^  is  always 
caticularised,  and  is  clearly  defined 
from  the  inner  layers,  which  may 
be  also  more  or  less  cnticnlarised. 
The  cnticle  may  be  stripped  off  as 
a   membrane,  over  a  considerable  ^ 

area ;  it  frequently  forms  sarface- 
projections.  Particles  of  wax  are 
included  in  the  cnticle  of  many 
plants,  and  serve  to  prevent  the 
surface  from  being  wetted  by 
wat-er.  This  wax  often  appears 
on  the  surface  in  the  foim  of  small 
granules,  rods,  or  flakes,  and  this 
forms  the  bloom  which  is  easily  wiped  ofE  t  it  sometimes  attains  a 
considerable  bulk,  as  in  the  fruits  of  Myrica  cerifera  and  the  trunks 
of  some  Palms  (Ceratoxylon 
andicola,  and  Klopstoclcia  cert' 
fera).  The  epidermal  cells 
are  sometimes  sclerotic,  as 
in  prickles,  thorns,  and  leaf- 
spines.  Chloroplastids  are 
not  usually  present  in  the  epi- 
dermal cells  of  land-plants ; 
they  are  to  be  found,  how- 
ever, in  the  cells  of  most 
Ferns,  of  Selaginella,  and 
of  some  Phanerogams,  more 
especially  aquatics. 

The  form  of  the  epidermal  cells,  as  seen  in  snrface  view,  presents 
considerable  yariety.     Generally  speaking,  the  cells  of  an  elon- 


Fxa.  117.~P»rt  of  a  iransverse  section 
of  the  air-root  of  an  Orchid :  v  many- 
layered  epihlema,or  yelamen ;  e  cortex. 
(Magnified ;  after  Uuger.) 


Fie.  118.— Epidermis  («)  with  a  stoma  (S)  from 
a  cross-section  of  a  leaf  of  Hyacinihua  oritntalis 
( X  800) :  p  parenchyma  of  the  f  ondamental 
tissue ;  %  an  air-cavity. 
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gated  member  are  themselves  elongated  in  the  same  direction  as 
the  member;  whereas,  in  broad,  flattened  members,  there  is  less 
difference  between  the  diameters  of  the  cells ;  in  either  case  the 
side- walls  of  the  cells  very  frequently  have  an  nndnlating  ontline, 
so  that  adjoining  cells  fit  closely  together  forming  a  continnons 
membrane,  the  continuity  of  which  is,  however,  interrupted  in 
certain  cases  by  well-defined  apertures,  termed  stomata,  which 
permit  communication  between  the  intercellular  spaces  of  the 
internal  tissues  and  the  external  air. 

The  Stomata  are  confined  exclusively  to  the  sporophyte-genera- 
tion,  and  make  their  first  appearance  in  the  Moss-sporogonium. 
Each  stoma  is  an  apertui*e  bounded  by  two  (sometimes  only  one,  as 

in  the  Mosses)  specialised  epi- 
dermal cells,  termed  guard-celUy 
which  always  contain  chloro- 
plastids  (Fig.  119).  The  aperture 
of  the  stoma  leads  into  the  air- 
cavity  (Figs.  118,  120),  a  large 
intercellular  space  between  the 
epidermis  and  the  subjacent 
tissue,  which  communicates  with 
other  more  internal  intercellular 
spaces.  The  stoma  originates 
thus :  a  young  epidermal  cell  is 
divided  by  a  septum  into  two 
halves,  each  of  which  becomes 
a  guard-cell ;  the  septum  then 
gradually  splits  into  two  and 
thus  the  aperture  between  the 
guard-cells  is  formed;  when  the  septum  does  not  quite  reach 
across  the  mother-cell,  the  aperture  is  surrounded  by  a  single 
annular  guard-cell,  as  in  the  Mosses.  The  size  of  the  aperture 
may  be  increased  or  diminished  by  changes  in  the  bulk  of  the 
guard-cells ;  the  mechanism  and  conditions  of  this  process  are 
considered  in  Part  IV,  (p.  698). 

Stomata  are  found  on  almost  all  sub-aerial  parts  of  the  sporo- 
phyte  of  land-plants  from  the  Mosses  upward;  they  are  especially 
abundant  on  leaves  (as  many  as  6U0  to  the  square  millimetre), 
and,  in  dorsiventral  leaves,  more  particularly  on  the  lower  (dorsal) 
surface,  but  in  floating  dorsiventral  leaves  (e.g.  Nymphaea)  they 
are  confined  to  the  upper  surface ;  in  radial  and  isobilateral  leaves 


Pig.  119.— Stoma  of  a  leaf  of  C  tmm^lyna 
cal««iw,  surface  vievr  (x  300) :  tp  opening  { 
n  the  two  gniard-oelU  aorroonded  by 
several  subsidiary  epidermal  cells. 
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the  distribution  of  the 
stoniata  is  aniform  on  all 
sides;  they  are  wanting 
in  submerged  leaves,  and 
are  always  absent  from 
roots. 


A  peculiar  form  of  stoma  is 
found  in  some  plants,  known  as 
a  waUr-»toina  (Fig.  121).  It  con- 
sists of  two  large,  almost  sphe- 
rical, guard-cells  which  cannot 
alter  their  form  so  as  to  close  the 
aperture.  Water- stomata  occur 
on  the  leases  of  some  of  those 
plants  (e.g.  Alchemilla,  Cras- 
sula,  Ficas,  Saxifraga,  Colo- 
casia,  Papaver,  Tropaaolum) 
which  excrete  water  in  the  form 
of  drops ;  they  are  situated  over 
the  termination  of  the  vascular 
bundles  on  the  margins  or  at 
the  apex  of  the  leaf;  when 
chalk-glands  are  present  (p. 
137),  water-stomata  are  de- 
veloped in  connexion  with  them 
(see  Fig.  100). 

In  some  plants  (e.g.  Gsasses) 
which  excrete  drops  of  water, 
the  water  escapes  through  fis- 
sures in  the  epidermis  of  the 
leaf. 

The  epidermis  of  the 
submerged  shoots  of 
water-plants  diffei-s  from 
that  of  land- plants  in  that 
it  is  not  cnticularised,  in 
the  absence  of  stomata, 
and  in  that  its  cells  fre- 
quently contain  chloro- 
plastids. 

The  epiblema  of  the 
subterranean  root  is  com- 
monly kno^n  as  the  pili- 


Fr6.  120.— Epidermis  with  stomata,  from  the 
lower  surface  of  the  leaf  of  Htllehoria  fatidui :  A 
in  section  ;  B  surface  view  ( x  300) ;  •  epidermnl 
cells;  0  cuticle;  I  thickenings  of  the  external 
wall;  /  foils  of  the  lateral  walls;  •  stoma;  as 
guard-cells;  tp  aperlore;  a  air-cavity;  el  moso- 
phyll. 


Fio.  121.— Water-stoma  from  the  margin  of  the 
leaf  of  Tropaolum  majus,  with  surrounding  epider* 
mal  cells.    (After  Strasbnrger :  x  240.) 
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ferous  layer  because  it  is  the  layer  from  which  the  root-hairfl 
(see  p.  65),  when  present,  are  developed.  Its  cell-walls  are  not 
cnticalarised,  but  are  frequently  (especially  in  the  root-hairs) 
more  or  less  mucilaginous.  It  is  generally  of  but  short  duration, 
and  to  be  found  only  on  the  younger  parts  of  roots  which  are  the 
regions  of  active  absorption. 

In  aerial  roots  (Orchids,  etc.)  where  the  epiblema  persists  as  a 
velamen  (see  Fig.  117,  p.  155)  of  one  or  several  layers  of  cell.««, 
the  walls  are  thickened,  cuticularised  (especially  the  superficial 
layer),  and  somewhat  lignified. 


Fio.  133.— Boot 

hairs  (fc)  on  the 

priinax7root(w) 

of  B  aeedliDg  of 

Fxo.  122.— Hairs  on  a  yonng  ovary  of  the  Backwheat : 

Gucnrbita  (x  100):  b  glandular  hair ;  et/  Kchypocotyl;  ee 

early  stages  of  development.  cotyledons. 

The  many-layered  root-cap  (see  p.  146),  in  its  younger,  more 
internal  part,  consists  of  parenchymatous  cells,  with  cell-walls  of 
cellulose,  forming  a  compact  tissue  without  intercellular  spaces. 
As  the  cells  grow  older,  and  come  to  be  situated  more  externally, 
they  lose  their  protoplasmic  contents.  The  disintegration  of  the 
rc>ot-cap  is  due,  in  some  cases,  to  the  mucilaginous  degeneration  of 
the  middle  lamella  of  the  cell- walls  ;  whilst  in  other  cases,  where 
the  cell- walls  become  cuticularised,  the  superficial  layers  of  the 
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cap  are  snccessivelj  split  off  and  exfoliated  bj  tlie  pressure  of  the 
interoal  growing  tissues. 

Hairs  (see  p.  64),  are  frequently  developed  on  the  primary 
tegumentarj  tissue,  and  are  generally  formed  each  as  an  outgrowth 
of  a  single  superficial  cell  (Fig.  1 22 ;  see  also  Fig.  40,  p.  65 ;  and 
Fig.  108,  p.  143). 

The  hairs  of  the  subaerial  parts  of  plants  are,  like  the  epider- 
mal cells,  outicularised.  In  many  cases  the  protoplasmic  contents 
disappear  at  an  early  stage  (as  in  Cotton,  the  hairs  on  the  outer 
coat,  or  testa>  of  the  seed  of  Gossypium)  and  are  replaced  by  air. 
Sometimes  the  cell- wall  contains  deposits  of  lime  or  of  silica.  The 
hairs  are  frequently  glandular  (see  p.  142). 

The  root-hairs  (Fig.  123 ;  also  see  p.  65)  are  developed  each 
from  a  single  cell  of  the  epiblema  or  piliferous  layer ;  they  are  not 
developed  in  the  immediate  neighbourhood  of  the  growing-point 
bnt  at  some  little  distance  behind  it.  Moreover,  as  they  grow 
older,  the  root-hairs  die  ofE ;  hence  they  are  only  to  be  found  on  a 
very  limited  region  of  a  primary  or  a  secondary  root. 

§  32.  The  Fundamental  Tissue-system,  or  Oround-tissue, 
is  constituted  by  the  tissue  which  belongs  neither  to  the  epidermis, 
on  the  one  hand,  nor  to  the  vascular  tissue  on  the  other.  Two 
regions  of  this  tissue-system  are  distinguishable,  according  to  their 
relation  to  the  stele,  as  extrastelar  and  intra- stelar;  the  former 
being  developed  from  the  periblem,  the  latter  from  the  plerome, 
of  the  growing-point. 

The  Extra-stelar  Fundamental  Tissue. — Morphology.  The  limits 
of  this  tissue  vary  with  the  structure  of  the  part  concerned. 
When  the  part,  whether  it  be  stem,  leaf,  or  root,  has  a  true  epi- 
dermis (see  p.  154),  the  external  limit  of  the  extra-stelar  tissue 
is  the  layer  of  cells  lying  immediately  beneath  the  epidermis; 
when,  however,  there  is  no  true  epidermis,  the  extra-stelar  tissue 
extends  to  the  surface,  and  the  superficial  tegumentary  layer  is 
merely  its  external  layer.  Again,  when  the  member  is  mono- 
stelic,  the  internal  limit  of  the  extra-stelar  tissue  is  the  layer 
termed  the  endodermis,  which  abuts  upon  the  central  stele  ;  in  this 
case  the  extra-stelar  tissue  consists  of  several  layers  of  cells 
bounded  externally  by  the  true  epidermis  (if  present),  or  reaching 
to  the  surface,  and  bounded  internally  by  the  stele,  when  it  is 
spoken  of  as  the  cortex  of  the  member  of  which  it  forms  part.  In 
a  polystelic  member,  the  internal  limit  of  the  extra-stelar  tissue  is 
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still  the  endodermis,  bat  each  individaal  stele  is  invested  bj  a 
distinct  endodermis ;  here  the  fundamental  tissue  includes  not 
merely  the  cortex,  bat  also  the  tissue  between  and  among  the 
steles.  The  relations  of  the  parts  are  yerj  much  the  same  in  a 
schizostelic  as  in  a  polystelic  member  (see  Fig.  116  B), 

The  following  are  the  regions  or  layers  of  the  primary  extra- 
stelar  tissue  which  can  be  distinguished  morphologically. 

1.  The  tegumentary  tissue,  in  those  parts  in  which  there  is  no 
true  epidermis. 

2.  The  hypoderma  is  the  external  layer  (or  layers)  of  the  funda- 
mental tissae  where  a  true  epidermis  is  present ;  when  the  integu- 
mentary tissue  is  not  a  true  epidermis  but  is  derived  from  the 
external  layer  of  the  cortex,  the  hypoderma  is  derived  fi-om  the 
outermost  layer  but  one  of  the  primitive  cortex  (periblem) ;  in  the 
root,  the  hypoderma  is  distinguished  as  the  exodermis, 

3.  The  general  ground-tissue, 

4»,  The  endodermis,  the  layer  of  the  ground-tissue  which  abuts 
on  a  stele ;  in  the  root  the  endodermis  is  the  innei-most  layer  of  the 
internal  cortical  tissue. 

Structure,  Speaking  generally,  the  exti-a-stelar  fundamental 
tissue  consists  mainly  of  parenchymatous  cells  which  have  cellu- 
lose walls  and  retain  their  protoplasmic  cell-contents ;  however, 
supporting- tissue  (stereom)  is  largely  differentiated  in  the  funda- 
mental tissue,  whether  as  a  collenchyma  or  as  sclerenchyma.  In 
cylindrical  members  (stems,  roots,  etc.)  the  cells  are  generally 
somewhat  elongated  in  the  direction  of  the  long  axis  of  the 
member. 

1.  The  tegumentary  tit-sue  derived  from  the  periblem  has  already 
been  described  (p.  154). 

2.  The  hypoderma  of  stems  and  leaves  commonly  consists  of 
stereom,  either  collenchymatous  or  sclerenchymatoas : 

coUenchymatous  hypoderma  is  especially  characteristic  of  the 
stems  and  leaf-stalks  of  herbaceous  Dicotyledons  (see  Fig.  91,  p. 
132),  but  it  occars  also  among  Pteridophyta  in  the  petioles  of  the 
MarattiacesB  : 

sclerenchymatotts  hypoderma  may  form  a  continuous  layer  of 
more  or  less  prosenchymatous  cells  {e,g.  stem  of  some  Ferns, 
Equisetum  hiemale,  most  Selaginellas,  Casuarina,  leaf  of  many 
Cycads,  Conifers,  some  Orchids,  etc.)  ;  or  it  may  form  numerous 
isolated  strands  (e.g,  stems  of  Cyperaceee,  species  of  Juncus  [Fig. 
124  G],  some  UmbellifercB  and  PapilionacesB,  many  Equisetams ; 
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leaf-blade  of  terrestrial  forms  of  Isoetes,  and  of  C jperaceoa,  Typha, 
Sparganinm,  Dasjlinon,  Phorminm,  many  Palms,  Welwitschia). 
The  spines  of  leaves  (e.g.  Holly),  also  entire  spiny  leaves  or 
stipules,  yarions  emergences,  snch  as  the  warts  of  Aloe  verrucoia  and 
the  prickles  of  the  Rose,  and  the  thorny  branches  of  many  plants 
(e,g.  Hawthorn,  etc.)  owe  their  hardness  mainly  to  the  develop- 
ment of  sclerenchymatous  hypoderma,  the  cells  of  which  are 
generally  elongated  and  fibrous,  though  they  may  be  short  as  in 
Aloe  vemtcosa  and  the  Rose. 

A  peculiar  form  of  bjpoderma,  termed  aqueous  tistuet  is  present  in  the 
leaTos  of  certain  plants  {e,g,  some  Ferns.  Polypodium  Lingua^  Aspidium 
coriaceum ;  species  of 
Tradescantia ;  also  in 
the  SeitamineflB,  var- 
ious Palms,  Orchids, 
Bromeliacee,  etc.) ; 
it  consists  of  one  or 
more  layers  of  thin- 
walled  parenchyma- 
tous cells,  destitute 
of  chloroplastids, 
containing  much 
watery  sap,  and 
arranged  closely  to- 
gether without  inter- 
spaces ;  the  tissue 
serves  as  a  reservoir 
for  water. 


Fie.  124.— Diagram  (after  Schwendener)  illastraUng  the  dis- 
tribution of  the  Bupporting-tisBae  or  atereom,  as  Been  in  trans- 
▼erae  section  of  Btems :  A  of  Arum  maoulatum  having  isolated 
cortical  Btereom*8trandB;  B  of  ilUium  vtn«a'«,  with  continaoas 
pericyolic  8tereom*ring ;  C  of  Juncu*  glaueug  (hollow),  with 
hypodermal  8tereom-«trandB  and  conjonctiye  stereom-Btrands  i 
/Tascular  bandies ;  •  stereom-strands ;  I  air-oavities. 


The  hypoderma 
of  the  root,  the 
exoderniUy  com- 
monly consists  of 
a  single  layer  of  cells,  but  in  some  plants  the  primitive  layer 
undergoes  periclinal  divisions,  so  that  the  exodermis  comes  to  con- 
sist of  several  layers  (e,g,  the  Date,  Pandanus,  Asparagus,  etc.). 

The  walls  of  the  exodermal  cells  generally  undergo  cuticularisa- 
tion  and  frequently  become  very  much  thickened,  especially  on 
the  lateral  and  external  walls,  in  view  of  the  position  which  it 
eventually  occupies  as  the  external  layer  of  the  root  (see  p.  158). 
In  some  cases  it  presents  a  peculiar  localised  thickening  in  the 
form  of  a  band  extending  round  the  upper,  lower,  and  lateral 
walls  of  the  cells,  a  thickening  which  is  therefore  confined  just  to 
the  surfaces  which  are  in  contact  with  other  cells  belonging  to 

T.  8.  B.  M 
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the  same  layer,  and  which  appears  in  a  transverse  section  as  a 
dark  dot  on  the  radial  walls  of  the  cells. 

In  some  cases  the  cells  of  the  exodermis  are  prosenchymatons 
and  sclerenchymatons  {e,g,  species  ot  Carex,  aerial  roots  of  a 
species  of  Philodendron). 

When  the  exodermis  is  invested  by  tegnmentary  tissue  (as  in 
aerial  roots  of  Orchids,  for  instance)  some  of  its  cells  retain  their 
thin  unaltered  walls,  and  are  the  pasaage'CelU,  by  means  of  which 
water  can  penetrate  into  the  interior  of  the  root. 

3.  The  general  ground-tissue  of  stems,  leaves,  and  roots,  lying 
within  the  hypoderma,  consists  mainly  of  parenchymatous  tissue, 
with,  frequently,  a  considerable  differentiation  of  masses  of  fibrous 
sclerenchymatons  stereom. 

In  the  root,  where  the  extra-stelar  ground-tissue  is  entirely  cor- 
tex, it  can  generally  be  distinguished  into  two  regions,  an  external, 
in  which  the  arrangement  of  the  cells  is  somewhat  irregular,  and 
an  internal,  in  which  the  cells  are  arranged  in  radiating  rows. 

In  aerial  stems  and  foliage-leaves,  the  more  external,  at  least, 
of  these  cells  frequently  take  part  in  the  assimilatory  processes  of 
the  plant ;  the  cells  contain  chloroplastids  and  constitute  assimi- 
latory tissue.  Towards  the  most  highly  illuminated  surface  of  the 
member,  the  cells  are  frequently  so  arranged  that  their  longer 
axes  are  perpendicular  to  the  surface,  that  is,  are  parallel  to 
the  incident  rays  of  light ;  assimilatory  tissue  of  this  structure  is 
termed  palisade-ttssue ;  the  whole  of  the  internal  ground-tissue  of 
a  leaf-blade  is  termed  generally  mesophyll. 

j^  In  view  of  its  great  pbysiologieal  importance  a  somewhat  detailed  aooonnt  of 
the  stmctaro  of  the  mesophyll  of  the  leaf-blade  seems  necessary. 

The  mesophyll  consists  of  parenchymatous  thin-walled  cells  of  yarioos  form. 
When  the  blade  is  thin,  the  whole  mesophyll  consists  of  assimUatory  tissue  ; 
but  when  it  is  more  or  less  fleshy  and  snccolent,  the  more  central  part  consists  of 
cells  without  chloroplastids,  the  assimilatory  tissue  being  confined  to  the  surface. 

When  the  mesophyll  is  altogether  assimilatory,  the  arrangement  of  the  cells 
is  correlated  with  the  symmetry  of  the  leaf-blade.  In  a  dorsiventral  lamina 
(Fig.  125)  the  structure  of  the  mesophyll  is  different  in  relation  with  the  upper 
(ventral)  and  the  lower  (dorsal)  surfaces.  Towards  the  upper  surface,  which  is 
more  directly  exposed  to  light,  the  somewhat  elongated  cylindrical  cells  form 
a  compact  palisade-tissue  one  or  more  rows  in  thickness ;  whereas,  towards  the 
lower  shaded  surface,  the  cells  are  less  regular,  frequently  somewhat  stellate 
in  form,  leaving  large  intercellular  spaces  between  them,  constituting  what  is 
known  as  the  tpongy  parenchyma.  The  loose  structure  of  the  mesophyll 
towards  the  lower  surface  of  the  blade  is  correlated  with  the  presence  of 
numerous  stomata  in  the  epidermis  of  that  surface  (see  p.  156). 
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When  the  paliBad^-parenchyma  consiflts  of  several  layers,  the  transition  from 
the  one  form  of  tissue  to  the  other  is  gradual.  The  vascular  bandies  run  along 
the  junction  of  the  two  forms  of  tissue. 

In  a  few  cases  (e.g.  Allium  urnnunit  Alstrcemeria,  etc.)  the  leaf  is  twisted,  so 
that  it  is  the  morphologically  lower  (dorsal)  surface  which  is  directly  exposed 
to  the  light ;  in  these  cases  the  palisade-tissue  is  developed  in  relation  with 
that  surface,  the  spongy  tissue  in  relation  with  the  morphologically  upper 
(ventral),  but  shaded,  sorface. 

When  it  so  happens  that  all  sides  of  the  leaf  are  equally  exposed  to  light, 
the  paUsade-parenohyma  is  developed  in  relation  with  both  the  dorsal  and 
the  ventral  surfaces ;  this  is  true,  not  only  of  isobilateral  and  of  radial  leaves, 
but  also  of  dorsiventral  leaves  {e,g,  leaf-blade  of  Anchuaa  itaHca,  Linosyris 
vulgarity  Sileve  inflata,  DiaiUhus  Caryophyllus,  etc.);  in  which  case  the  spongy 
parenchyma  is  either  absent,  or  consists  of  a  few  layers  in  the  middle  of  the 
blade,  but  the  intercellular  spaces  between  the  palisade-cells  are,  however, 
relatively  large. 
In  some  cases,  the  mesophyll  is  not  differentiated  into  palisade  and  spongy 
parenchyma,  but  consists  of  rounded  cells  {e.g.  suc- 
culent leaves,  such  as  those  of  species  of  Grassula, 
etc.). 

In  those  leaves  in  which  the  external  portion  only 
of  the  mesophyll  consists  of  assimilatory  tissue,  the 
internal  mesophyll  being  destitute  of  ohloroplastids, 
the  assimilatory  tissue  may  consist  either  of  palisade- 
tissue  {e.g,  some  Myrtaceie  and  Proteaceie,  species 
of  Statice,  Welwitschia,  etc.),  or  of  rounded  cells 
{e.g.  Mesembryanthemum,  many  Monocotyledons). 

The  cells  of  the  assimilatory  tissue  sometimes 

present  other  forms  and  arrangements.    Thus  the 

assimilatory  tissue  of  the  leaf  of  Finns  and  Cedrus 

Pi6. 128.-Diagr»mmatlc      consists  of  polyhedral  cells,  the  walls  of  which  pre- 

transverse  Bection  of   the  *  •   *  u*         at.      i»    a    #     i.«  u  •    x    •  ^.i. 

acicular  leaf  of  a  Fir-   e      ^       infoldings*  the  effect  of  which  is  to  mcrease  the 

epidermis;    «•  sclerenohj-      surface  of  the  cell- wall.    In  other  cases  it  consists 

matoas  byxxxlerma;  apstu-      entirely  or  in  part  of  elongated  cells,  resembling 

mata;  h  resin-dacts;  •  en-       palisade-cells,  which  are  arranged  with  their  long 

dodennis     enclosing     the      ^^^s  parallel  to  the  surface,  either  parallel  to  the 

finglemeristelej  9  wood;  h       .  .       .,,,-,         ^.       ,.,.^ 

^^^  long  axis  of  the  leaf  {e.g.  Galanthut  ntva/M,  Leu- 

cojum  vemum)  or  transversely  (e.g.  Iris  germaniea^ 
Erythronium  Dens-Canis,  species  of  Gladiohu  and  Tritonia). 

The  colourless  mesophyll  of  succulent  and  coriaceous  leaves  consists  of  large 
cells,  containing  much  watery  sap,  constituting  in  fact  (see  p.  161)  an  aqueoiut 
tissue  (e.g.  leaves  of  Aloe,  Mesembryanthemum,  some  Myrtacese  and  Proteacess, 
Welwitschia,  etc.).  In  some  Orchids  (e.g.  Oncidium  maximum)^  the  cells  of  the 
aqueous  tissue  are  scattered  among  the  assimilatory  cells ;  in  many  Orchids 
the  cells  of  the  aqueous  tissue  are  tracheidal,  having  spirally-thickened  walls, 
as  they  are  also  in  the  stem  and  leaf  of  Nepenthes. 

In  many  cases,  cspcciall j  in  aquatic  plants,  the  gronnd-tissae  has 
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large  air-cavities,  either  Ijsigenoos  or  Bcliizogenous  (see  p.  130) ; 
geDerallj  speaking,  thej  are  of  schizogenons  origin  in  aquatic 
plants,  of  Ijsigenons  origin  in  land-plants  (see  Fig.  116  6).  These 
cavities  frequently  extend  thronghont  the  whole  length  of  the 
root  or  the  leaf,  and  through  an  entire  internode  of  the  stem ; 
but  they  may  be  interrupted  at  intervals  by  diaphragms  {e.g,  leaf 
of  some  Monocotyledons ;  root  of  Hydrocharis ;  stem  of  Alisma, 
Pontederia,  Marsilia).  When  these  cavities  are  largely  developed 
the  member  becomes  a  float  (e.g.  root  of  JassisBa,  see  p.  64). 

Assimilatory  tissue  is  present  in  some  aerial  and  some  aquatic 
roots  (e.g.  some 
Orchids,    Podo- 
stemaceae,  etc.). 

4.  The  Endo- 
dermis  is,  in  the 
great  majority 
of  cases,  a  single 
layer  of  cells ;  it 
is  but  rarely  al- 
together want- 1 
ing  {e.g.  roots  of 
Podostemaceae) ; 
it  sometimes 
consists  of  two 
layerR,  formed 
by  the  tangen- 
tial division  of 
the  celU  of  the 

primitively   sin-  Fio.  127.— Transrerse  section  of  central  portion  of  the  root  of 

ffle     laver     (ea  Ban%ncvLlvM  rapen*  (x  300):   ed  the  ettdodermia,  enclosing  the 

e             J           V  'y*  gingie  central  stele ;  its  radial  walls  show  the  sections  of  the 

root  01    iliquise-  caUcnlarlsed  thickeuing-baads ;  as  the  four  protoxjlem-bundles ; 

turn  *      stem     of  tthesoUd  xylem;  •  the  four  phloem-bondles  j  2>o  the  pericycle; 

_  ,        .  .  r  the  cortical  ground-tissue. 

some   Pterido- 

phyta,  such  as  the  rhizome  of  Nephrol epis,  and  the  stem  of  Salvinia 

and  AzoUa). 

Most  commonly  the  cells  of  the  endodermis  are  thin- walled, 
with  a  suberised  thickening-zone  extending  round  the  lateral  and 
upper  and  lower  surfaces  of  the  wall  (see  exodermis,  p.  161),  and 
showing  in  transverse  section  (Fig.  127)  as  a  black  dot  on  the 
radial  wall.  This  peculiar  marking  is  by  no  means  always  pre- 
sent :  it  is  frequently  wanting  in  the  endodermis  of  the  stem  in 
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Fie.  128.— A  cell 
from  the  internal 
cortex  of  the  root 
of  the  Mustard,  seen 
obliqaely  frrjm  the 
internal  ear  face, 
showing  the  mu- 
berised  thickening 
lone.  (After  van 
Tieghemt  x  SfiO.) 


which  case  the  endodermis  can,  in  many  cases,  be  distingaished 

bj   the  presence   of    starch-grains  in    its  cells. 

When  the  endodermis  is  double,  this  marking  is 

confined  to  the  outer  of  the  two  layers. 

This  marking  is  not  confined  to  the  endodermis ; 

it    sometimes   occurs  also   in  the   exodermis   of 

roots  (see  p.  161),  and  in  one  or  more  layers  of 

the  internal  cortex  in  some  roots  (one  layer,  next 

the   endodermis,  in   Cnpressus,  Taxus,    Prunus, 

llosa,  Lonicera,  etc. ;    several  layers,  Juniperus, 

Sequoia,  many  Crnciferss  such  as  Mustard  and 

Wallflower). 

The  walls  of  the  endodermal  cells  frequently 

become  sclerotic  either  over  their  whole  surface, 

or  more  frequently  on    the  internal  and  lateral 

surfaces  (Fig.  129).     When  this  is  the  case,  some 

of  the  cells  remain  thin-walled,  as  pansage-cells, 

opposite  to  the  wood. bundles  within. 

The  Intra- stelar  Fundamental  Tissxiey  or  Conjunctive  Tissue  of  the 

Stele. — Morphology.     The  morphology  of   the  conjunctive  tissue, 

of  the  stele  varies  somewhat  in 
accordance  with  the  develop- 
ment of  the  vascular  tissue. 
When  a  solid  vascular  cylinder 
is  produced,  there  may  be  no 
conjunctive  tissue  at  all,  the 
whole  of  the  plerorae  having 
developed  into  vascular  tissue  ; 
or  the  conjunctive  tissue  may 
,  be  limited  to  one  or  more  peri- 
pheral layers,  the  pericycle,  in- 
vesting the  vascular  cylinder; 
or,  again,  in  addition  to  the 
pericycle,  the  conjunctive  tissue 
may  extend  inwards  to  some 
extent  between  the  bundles  (in- 
terfascicular) of  the  stele ;  on  the 
other  hand,  when  the  vascular 
cylinder  is  hollow  (see  Fig. 
130),  the  central  space  is  oc- 
cupied by  medullary  conjunctive  tissuej  constituting  the  pith^  and 


Fig.  129.— Part  of  a  tranaveriie  section  of 
a  root  of  Iris  Jlorentna ;  e  sclerotic  endo> 
dermis,  with  /  a  thin- walled  passage-cell; 
V  bast;  •  wood- vessel;  e  cortical  ground- 
tibsue;  p  pericycle.  (After  Strasburger: 
X  240.) 
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connected  with  the  pericycle  by  interfascicnlar  conjunctive  tissue 
constituting  the  medullary  rays.  Pith  and  medullary  rays  are 
generally  absent  from  the  steles  of  a  polystelio  member. 

Structure.  The  Fericycle  (at  one  time  generally  termed  the 
pericambium)  is  altogether  wanting  in  a  few  cases  only;  it  is 
absent  when  the  endodermis  consists  of  two  layers  (see  p.  165) ;  it 
is  also  absent  in  the  roots  of  Podostemacese,  rootlets  of  Pontederia 
crassipes,  in  the  stem  of  Ceratophyilum  and  probably  of  other 
water-plants. 

It  is  USD  ally  a  continuous  membrane ;  but  in  some  cases  it  is 
interrupted  by  projections  of  the  vascular  tissue  (e.g.  by  the 
xylem-bundles  in  the  root 
of  some  GraminesB  and  Cy- 
peracesB ;  by  the  phloem- 
bundles  in  the  roots  of 
Potamogeton,  Naias,  Zos- 
tera).  It  may  consist 
throughout  of  a  single 
layer  of  cells  (e.g.  roots 
of  most  Angiosperms  and 
of  some  Vascular  Crypto 
gams;  stems  of  Dipsa- 
cacese,  YalerianacesB, 
RubiacesB,  LobeliacesB, 
CampanulacesB,  Plantagi 
naceae,  PolemoniaceeB,  etc 
and  generally  of  aquatic 
Angiosperms) ;  or  of  more 
than  one  layer  throughout 
(roots  of  some  Dicotyle- 
dons, e.g.  Vine,  Diptero- 
carpus,  Ficus  rtibiginosa, 
etc.,  and  of  Gymnosperms 
generally ;  commonly  in 
the  stenl  and  leaf- stalk)  ; 
or  in  part  of  one  layer  and 
part  of  more  than  one  (e.g. 
root  of  some  Ferns  and  Leguminosaa). 

The  pericycle  may  be  homogeneous  or  heterogeneous;  that  is,  it 
may  consist  of  the  same  kind  of  tissue  throughout,  or  of  several 
kinds  of  tissue.  •  The  typical  homogeneous  pericycle  consists  of 


Fi&.  ISO.— A  transverse  section  of  a  young  stem 
of  ArUtolochia  Sipho,  illastraiing  the  arrangement 
of  the  primary  tissues  in  a  monostelio  stem,  in 
which  the  vascular  cylinder  is  hollo^v,  enclosing  a 
pith.  (After  Strasburger :  x  9).  e  Cortical  gronnd- 
tissae,  with  collenchyma  cl;  e  endodermis ;  po  peri- 
cycle, continnous  by  means  of  interfascicnlar  con- 
junctive tissue  (medullary  rays)  with  the  medullary 
conjunctive  tissue  m  (pith)  ;  sk  ring  of  tclerenchy- 
ma  belonging  to  the  pericycle  ;  fv  vascular  bundles 
in  an  interrupted  circle  ;  they  are  open  and  colla- 
teral; cb  bast;  p  protophloem;  fo  fascicular  cam- 
bium ;  ifc  interfascicular  cambium ;  vl  wood ;  the 
central  pointed  end  of  each  wood-bundle  consists 
of  protoxylem,  and  the  central  ends  of  the  whole 
ring  of  wood-bundles  constitute  the  medullary 
sheath. 
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thin-walled  parenchymatons  cells,  with  protoplasmie  contents, 
which  are  capable  of  becoming  merismatic.  In  some  cases  the 
primarily  thin- walled  cells  eventnallj  become  sclerotic,  either 
thronghont  the  whole  pericycle,  or  in  certain  parts  only;  this 
commonly  occurs  in  the  roots  of  Monocotyledons. 

Generally  speaking,  the  pericycle  of  the  root  is  homogeneous ; 
when  it  is  heterogeneous,  it  is  so  in  consequence  of  the  presence 
of  glandular  tissue  (secretory  ducts)  {e,g,  Umbelliferas,  Araiiacesa, 
Pittosporacess,  HypericaceaB)  ;  it  never  contains  fibres. 


FiQ.  181.— TranaTerse  section  of  a  root  of  ilUtum  Cepa,  showing  the  central  stele  wltbooi 
pith:  0  cortex;  «9ndodermis;  p  pericycle;  sp-Hi, spiral  and  annular  ▼esselsCproiozylem); 
•0  pitted  wood-vessels  of  the  primary  wood ;  %  bast-hnndle ;  the  six  wood-bondles  alternate 
with  the  six  bait-bandles;  the  wood-bundles  develope  oentripetally  and  meet,  so  that  no 
pith  is  formed.    (After  Btrasbnrger:  x  MO.) 

The  pericycle  of  the  stem  and  of  the  leaf-stalk,  on  the  contrary, 
is  generally  heterogeneous,  owing  principally  to  the  differentiation 
of  a  portion  of  it  into  collenchyma  (e.g.  some  CompositsB,  Bark- 
hausia  foetida,  Sonchus  oleraceus),  or  into  fibres  which  are  gener- 
ally sclerotic,  but  not  in  all  cases  (e.g.  ApocynacesB,  Asclepiadaceae, 
ConvolvulacesB,  Flax)  ;  or  it  may  be  heterogeneous  in  consequence 
of  the  presence  of  secretory  ducts  (e.^.  Hypericum,  Pittosporum, 
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Hydrocotyle  vulgaris^  Bupleurum  fruticosum  and  other  Umbelliferro)  ; 
or,  in  consequence  of  the  presence  of  both  secretory  dncts  and  of 
fibres  (e,g.  Ligolifloral  and  Tabulifloral  Composites.) 

A  remarkable  form  of  oonjunctiye  tissue  is  tiiat  which  inyests  the  two  yascolar 
bundles  in  the  acicular  leaves  of  Pinus,  and,  to  a  less  degree,  of  other  Conifers. 
The  tissue  consists  of  parenchyma  with  some  fibrous  solerenchyma ;  in  the 
parenchyma  two  special  kinds  of  cells  can  be  distinguished,  which  constitute 
what  is  sometimes  termed  the  trarufution-tiistie ;  namely,  cells  with  unlignified 
and  unpitted  walls,  distinguished  by  their  abundant  protoplasmic  and  proteid 
contents ;  tracheidal  cells  with  slightly  lignified  walls  and  bordered  pits,  without 
protoplasmic  contents;  the  former  may  be  regarded  as  an  extension  of  the 
sieve-tissue  of  the  bundle,  the  latter  as  an  extension  of  the  tracheal  tissue. 

The  fibres  (stereom)  of  the  pericycle  are  distributed  in  varions  ways.  They 
may  either  form  a  continuous  ring,  separated  from  the  phloem  of  the  vascular 
bundles  by  several  layers  of  parenchymatous  pericycle-cells  {e.g.  Berberis, 
Cucurbitao€8B,  GaryophyllaoesB,  Lonicerese,  Aristolochiaoefe  (Fig.  130),  and  many 
Monocotyledons,  especially  in  Graminee,  Cyperacess,  and  Juncaceaa;  or  the  ring 
may  be  in  direct  contact  with  the  vascular  bundles  (many  Dicotyledons,  e.g. 
HypocharU  radieata.  Podophyllum,  Plantago,  etc. ;  manj  Monocotjledons,  e.g, 
BestiacesB,  Liliacea,  Smilaceie,  IridacesB,  OrchidaoeiB,  Typhacese,  Tamus,  etc. 
[see  Fig.  124B] ) ;  or  the  fibres  may  form  strands  opposite  to  the  phloem  of 
eadi  bundle,  either  abutting  directly  on  the  phloem,  or  separated  from  it  by 
one  or  more  layers  of  parenchymatous  pericycle-cells  {e,g.  among  Dicotyledons, 
various  Composite,  Labiat®,  Leguminosse,  Banunculaoeie,  etc. ;  exactly  this 
arrangement  does  not  occur  in  Monocotyledons) ;  or  the  fibres  may  be  scattered 
either  singly  or  in  groups,  without  any  relation  to  the  vascular  bundles  {^.g. 
many  Solanacea,  IberU  sempervirens^  species  of  Viburnum,  Fraxinui  dimorphd, 
LiguMtrum  vuigare,  Apocynaoeie,  Asclepiadaces,  Malvaceie,  etc). 

The  Pith  (or  mednlla)  consists,  typically,  of  parenchymatous 
cells  with  thin  walls  and  protoplasmic  contents;  but  in  many 
cases  solerenchyma  is  differentiated  in  it. 

The  most  important  fact  with  regard  to  the  parenchyma  of  the 
pith  is  that,  in  many  cases,  the  cells  forming  the  central  portion 
of  the  pith  soon  die,  or  even  the  whole  of  them  (e.g.  Elder).  When 
this  is  the  case,  the  dead  cell- walls  frequently  undergo  disorganisa- 
tion, so  that  the  stem  becomes  hollow. 

The  solerenchyma  of  the  pith  may  consist  of  scattered  strands 
(e.g.  stems  of  some  Palms,  such  as  Cocos,  Astrocaryum,  Leo» 
poldinia)  ;  or  it  may  form  a  ring  connecting  the  inner  ends  of 
the  bundles  of  the  hollow  vascular  cylinder  (e.g.  Bougainvillea 
speetabilis,  woody  Piperaceee  such  as  Artanthe  and  Cbavica). 

The  bulk  of  the  pith  yaries  very  much.  It  is  relatively  very 
large  in  tuberous  shoots,  such  as  the  PotatiO,  Apios,  etc. 
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The  Interfascicular  Conjunctive  Tissue  consists  typically  of 
parenchymatous  cells  with  thin  walls  and  protoplasmic  contents-; 
bat  it  is  frequently  sclerenchymatoas  where  it  abuts  on  the 
vascular  bundles,  thus  contributing  to  the  formation  of  a  more  or 
less  complete  sheath  of  sclerenchyma  round  them  (e.g,  many 
Monocotyledons). 

The  various  systems  of  sclerenohymatons  lupporting-tissue  (stereom) 
described  above,  the  bypodermal,  the  cortical,  the  pericydio,  the  interfascicular, 
and  the  medullary,  may  be  connected  with  each  other  in  various  combinations. 
Thus,  the  hjpodermal  and  the  cortical  systems  may  be  continuous ;  or  the 
hypodermal,  cortical,  and  perioyclic;  the  pericyolic  and  the  interfascicular, 
etc. ;  as  the  mechanical  conditions  of  the  member  may  render  necessary  (see 
Fig.  124). 

^  §33.  The  Vascular  Tissue-System.  The  primary  vascular 
tissue  is  differentiated  from  the  procambium  or  primary  desmogen 
(see  p.  151)  of  the  stele  in  the  form  of  strands  or  bundles,  vascular 
bundles.  The  vascular  tissues  of  the  bundles  are  either  tracheal 
tissue  (p.  133),  which  is  always  Uglified,  and  is  termed  wood  or 
xylem  ;  or  sieve-tissue  (p.  135),  which  is  termed  hast  or  pTUttem, 
A  vascular  bundle  may  consist,  either  exclusively  of  wood  or  of  bast ; 
or  of  both  wood  and  bast,  when  it  is  said  to  be  a  conjoint  bundle. 
It  is  generally  the  case  that  a  varying  proportion  of  sclerenchyma 
(stereom)  is  associated  with  the  vascular  tissue  ;  hence  the  bundles 
are  frequently  spoken  of  as  Jibro-vascular  bundles. 

As  a  rule,  an  equal  number  of  wood-bundles  and  of  bast-bundles 
are  differentiated  in  a  stele,  whether  they  be  isolated  or  conjoined ; 
there  may  be  only  one  of  each  (e.g,  liner  branches  of  the  dicho- 
tomous  roots  of  most  Lycopodiums)  or  there  may  be  a  very 
considerable  number  (e.g.  stems  of  Monocotyledons).  There  ai-e, 
however,  some  exceptions  to  this  rule  :  thus,  the  stele  of  the  root 
of  some  Lycopodiums  {L.  inundaium  and  Selago)  and  Ophio- 
glossums  (0.  vulgatum  and  lusitanicum)  contains  one  bast-bundle 
and  two  wood-bundles ;  again,  in  the  roots  of  Selaginella  and 
Lsoetes,  the  stele  encloses  one  wood-bundle  and  two  bast-bundles. 

The  primary  vascular  bundles  diffoi'entiated  in  a  stele  (whether 
a  monostele  or  a  polystele)  are  frequently  distinct  from  each  other 
for  a  considerable  distance,  for  instance,  throughout  an  intemode 
of  a  stem ;  but  very  commonly  they  are  found  to  fuse  at  shorter 
intervals  {e.g.  stem  of  Lycopodium),  or  they  may  be  altogether 
fused  into  one  or  more  vascular  masses ;  a  stele  presenting  this 
intimate  connexion  of  the  bundles  is  said  to  be  gamodesmic.     An 
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analogons  condition  is  sometimes  presented  bj  scbizostelic  mem- 
bers, where  the  scbizosteles  are  developed  in  partial  continuity 
{e.g.  stem  of  Equisetnm,  see  Fig.  116).  The  resulting  vascular 
mass  is  generally  a  solid  cylinder,  but  it  is  occasionally  a  hollow 
cylinder. 

With  regard  to  the  occurrence  of  vascalar  tissue  in  the  gametopbyte 
generation,  and  in  the  sporophyte  of  the  lower  plants,  it  may  be  stated  that 
lignified  vascalar  tissue  (t.^.  wood)  does  not  occur  in  any  gametopbyte,  nor  in 
the  sporophyte  of  any  plant  below  the  Pteridopbyta.  However,  in  the  stem 
of  the  gametophytic  shoots  of  tome  Mosses  there  is  a  solid  central  stele  con- 
sisting of  tissue  which  is  functionally  vascular  tissue ;  the  sume  is  true  of  the 
item  (seta)  of  the  Moss-sporophyte  in  certain  cases.  Sieve-tissue  has  been 
found  in  some  of  the  larger  Brown  Seaweeds. 

The  primary  vascular  tissue-system  extends  continuously 
tbi-oughout  the  body  of  the  spoix)pby te  of  the  higher  plants ;  the 
vascular  bundles  of  root,  stem,  and  leaf  are  all  in  direct  com- 
mnnication. 

The  arrangement  and  course  of  the  vascular  bandies  are  in- 
timately connected  with  the  morphology  of  the  plant  and  with  the 
differentiation  of  its  members.  In  elongated  membei^  (stems, 
petioles,  roots)  the  bundles  run  longitudinally,  so  that  a  transverse 
section  of  such  a  member  shows  transverse  sections  of  its  vasculai* 
bundles. 

In  the  primary  root  the  longitudinal  course  of  the  bundles  is 
simple  ;  there  is  jin  axial  vascular  cylinder,  either  solid  or  hollow, 
consisting  of  straight  more  or  less  distinct  bundles  of  wood  and 
bast,  and  extending  from  the  growing- point  backwards  to  where 
the  root  merges  into  the  stem ;  from  this  cylinder  there  arise 
lateral  offsets,  which  constitute  the  steles  of  the  lateral  branches 
of  the  root. 

In  the  stem  the  course  of  the  bundles  is  more  complicated,  on 
account  of  the  fact  that  the  stem  bears  lateral  members,  leaves, 
which  differ  from  itself  or  from  its  branches.  In  some  cases,  the 
bundles  of  the  stem,  when  traced  upward  toward  the  growing- 
point,  are  found  to  terminate  in  the  young  leaves;  whilst  in  other 
cases  the  bundles  end  (like  those  of  the  root)  in  the  plerome  of  the 
growing- poi nt ;  bundles  of  the  former  kind  are  distingaished  as 
common  (i.e,  common  to  stem  and  leaf),  and,  in  their  course  in  the 
stem,  are  termed  leaf-traces ;  bundles  of  the  latter  kind  are  distin- 
guished as  cauline  (i.e,  confined  to  the  stem). 

Stems  with  common  bundles  are  generally  monostelic ;  the  leaf 


Digitized  by 


Google 


172 


PART   n. — THE   INTIMATE   8TRUCTUEE  OF  PLANTS. 


[§33. 


Sm 


traces  do  not,  however,  follow  a  nniform  coarse  in  all  cases. 
Thus,  they  may  proceed  to  the  centre  of  the  stem  and  form  a 
solid  vascolar  cylinder  {e,g,  Isoetes  among  Pteridophyta ;  and 
certain  aquatic  Monocotyledons ;  species  of  Potamogeton,  Zanic- 
hellia,  Althenia,  Rnppia).     Or  they  may  form  a  hollow  cylinder. 

In  the  simpleait  case 
of  this  (as  in  Osmnn- 
daceae,  most  Gymno- 
sperms  and  Dicotyle- 
dons) the  bundles 
(leaf-traces)  entering 
the  stem  from  a  leaf 
are  few  in  number,  or 
even  only  one ;  they 
penetrate  to  an  equal 
depth  in  the  stem 
(also  in  the  schizo- 
stelio  Equisetum, 
Fig.  116),  and  run 
vertically  downwards 
through  one  or  two 
intemodes,  joining  at 
a  node  with  the 
bundles  entering  the 
stem  from  a  lower 
leaf ;  sometimes  their 
lower  ends  are  bifur- 
cate so  that  they  join 
with  the  bundles  of 
the  lower  leaves  (Fig. 
132  J5).  When  the 
leaf- traces  entering 
the  stem  from  a  leaf 
are  more  numerous, 
fchey  penetrate  to 
various  depths  in  the 
stele,  and  their  course 
is  usually  not  vertical, 
but  more  or  less 
curved :  they  may  then  form  two  circles  (e.g,  Cucurbitaceas, 
Phytolacca,  Piperaceas)  ;  or  many  circles,  more  or  less  irregular, 


B 

Fie.  132.— Disffram  of  the  coarse  of  tho  yascnlar 
bundles  in  steins.  A  Longitudinal  section  through  the 
axis  of  a  Pslm-stem,  showing  a  transverse  section  of  half 
of  it.  The  leaves  (cut  ott  above  the  insertion)  are  hypothe- 
tically  conceived  of  as  distichous  and  amplexicaul,  and  so 
are  seen  on  both  sides  of  the  stem,  1  m  2  m3  m  being  the 
median  line  of  each.  B  Oatside  vieiv  and  transverse 
section  of  Oerastium  (hypothetically  transparent,  to  show 
the  internal  bundles).  The  decussate  leaves  (1, 2, 3)  are  cut 
ofP.  The  bundle  proceeding  from  each  leaf  divides  into  two 
above  the  leaf  immediately  below  it,  and  tlie  brunches  of 
all  the  bundles  unite  to  form  the  four  thin  bundles  which 
alternate  in  the  section  with  the  thicker  ones.  In  the 
section,  m  is  the  pith,  r  the  cortex,  v  the  medullary  ray. 
The  xylem  in  the  fibro- vascular  bundles  is  indicated  by 
shading. 
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hunching  on  the  pith  (e.g,  many  RannncalaoesB,  snch  as  Acteea, 
Cimicif Qga,  Thalictrum,  Podophyllum,  Diphylleia ;  Nymphteaceffi ; 
Monocotyledons  generally).  A  good  example  of  this  is  afforded 
by  a  Palm  stem  (Fig.  132  A),  The  median  leaf-traces  first  tend 
toward  the  centre  of  the  stem ;  they  then  bend  outward,  thinning 
out  gradually  as  they  descend,  and  coalesce  with  the  lateral 
bundles,  which  do  not  penetrate  so  deeply,  in  the  pericycle  at  a 
point  much  lower  down.  Furthermore,  each  bundle  is  somewhat 
twisted  in  its  course,  so  that  the  lower  end  lie^  toward  a  different 
side  of  the  stem  from  that  on  which  it  entered  it.  In  these 
cases,  when  there  is  a  well-defined  external  ring,  the  more  internal 
bundles  are  termed  medullary  bundles. 

In  some  plants  a  nnmber  of  independent  phloem-bundles  are  developed  in  the 
outer  part  of  the  pith  of  the  stem,  just  within  the  ring  of  normal  vascular 
bundles  {e.g.  Solanaceee,  Gonvolvulacese,  G^ntianacesB,  Apooynaceie,  Asclepiad- 
aoeiB,  some  Tabulifloral  CompositsB,  Campanulaces,  etc.)»  which  are  termed 
medullary  pMoem-hitndlet. 

Stems  with  cauline  bundles  may  be  monostelic  or  polystelic; 
monostelic  stems  with  cauline  bundles  are  generally  gamodesmic 
having  a  solid  vascular  cylinder  (e.g.  Lycopodium  among  Pterido- 
phyta;  some  aquatic  Dicotyledons,  Utricularia,  Aldrovanda, 
Callitriche,  Myriophyllum,  Ceratophyllum ;  some  aquatic  Mono- 
cotyledons, Elodea  canadensis^  Hydrilla  verticillata,  Naias  ;  and  the 
saprophytic  Orchidaceous  plants  Epipogum  Omelini  and  Gorallorhiza 
innata)  ;  polystelic  stems  with  cauline  bundles  (e.g.  most  Ferns, 
HydropteridesB,  Selaginella,  among  Pteridophyta)  are  generally 
gamostelic,  the  steles  forming  a  network,  which  can  be  isolated 
as  a  skeleton  of  vascular  tissue,  each  mesh  of  which  corresponds 
to  the  insertion  of  a  leaf. 

The  leaf-traces  of  stems  with  common  bundles,  as  also  the  leaf- 
bundles  in  stems  with  a  cauline  vascular  tissue-system,  do  not 
always  at  once  join  the  stele,  but  may  remain  isolated  for  a  longer 
or  shorter  distance,  constituting  in  fact  meristeles  (see  p.  153) 
in  the  cortical  region  of  the  stem,  or,  as  they  are  more  commonly 
called,  cortical  bundles  (e.g.  Casuarina ;  species  of  Begonia ;  some 
Ferns,  such  as  Pfceris,  Aspidium,  etc.) 

The  relative  ^position  of  the  phloem  and  of  the  xylem  in  a  con- 
joint  bundle  is  subject  to  some  variation;  they  may  either  be 
side  by  side,  when  the  bundle  is  said  to  be  collateral ;  or  the  one 
may  more  or  less  completely  invest  and  surround  the  other,  when 
the  bundle  is  said  to  be  concentric. 
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In  the  collateral  bundle,  the  wood  and  the  bast  are  so  situated 
that  they  both  lie  on  a  straight  radial  line  drawn  through  the 
bundle  from  the  centre  of  the  member  to  the  surface,  the  wood 
being  nearer  the  centre,  and  the  bast  nearer  the  surface  (see 
Fig.  130).     This  type  of  bundle  is  common  in  the  monostelic  or 


Fie.  1S3.— Tmnsverse  section  of  an  open,  collateral,  conjoint,  Tascalar  bundle  of  tho 
Hteoi  of  RanuneuluM  rejMna:  •  spiral  vessel  of  the  protozylem  at  the  inner  (central)  end  of 
the  wood ;  m  pitted  vessel  of  the  wood ;  e  cambiam ;  v  a  sieve«tabe  of  the  bast  with 
adjacent  granalar  oompanion-cells ;  vg  sheath  of  sclerenchymatoos  conjunctive  tissue. 
(After  Btrasbarger :  x  180.) 

schizostelic  stems  and  leaf-stalks   of  Phanerogams   and  of  some 
Pteridophyta  (OsmundaceaBjOphioglossaceae,  Equisetum). 

In  some  stems  (e.g.  Myrtacese,  Onagracese,  Apocynace©,  Solan- 
acess,  most  Convolvulaceae,  Cucurbitace®,  etc.)  there  is  a  second 
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bast-bandle  on  the  inner  (medullary)  side  of  the  wood  of  the  con- 
joint bundle  ;  such  a  l^undle  is  distinguished  as  bicollateral. 

In   a   concentric  bundle,  either  the  bast  is  surrounded  by  the 
wood,  or  the  wood  by  the  bast,  more  or  less  completely:   the 
bicollateral  bundle  is,  in  fact,  a  structure  intermediate  between 
the  collateral  and  the  concentric  bundle.     The  former  type  of  con- 
centric bundle  occurs  in  the  rhizomes  of  various  Monocotyledons 
(Acorus,  Iris,  Cyperus,  Carex,  etc.),  and  in  the  medullary  bundles 
of  the  stem  of  some  Dicotyledons  (Rheum,  Statice,  Bicinus,  Piper, 
etc.).      The  latter  type  is  rare  in  Phanerogams  (eig.  the  cortical 
and  medullary  bundles  of  the  Melastomaceee)  ;  but  it  prevails  in 
the  Filicinee  and  in 
Selaginella,    when 
the  gamodesmic 
bundles   (two  or 
more)  of  each  stele 
of     the    polystelic 
stem,  form  a  cen- 
tral mass  of  wood 
completely,     or 
nearly  completely, 
surrounded    by    a 
ring  of  bast. 

The  relative  posi- 
tion  of  the  phloem- 
bundles  and  xylem- 
bundles  when  they 
are     distinct    from 

each  other    is    such  y^^  I31.-Tran8ver«e    oectloa    of    a  concentric  bundle, 

that  they  alternate  with  external  wood,  from  the  rhizome  of  Iria  (x  360):   t 

with  each  other  so  t^*©**®® »  *'  protoxylem ;  »  sieve-tubes ;  g  oompanion-cells, 

.  of  the  internal  bast. 

that  a  radius  drawn 

from  the  centre  to  the  surface  of  the  member  cuts  through  either 
a  phloem  or  a  xylem-bundle,  but  not  through  both  (Fig.  136).  This 
arrangement  occurs  only  in  monostelic  members ;  it  is  common  to 
all  roots,  and  occurs  in  the  stem  of  Lycopodium  and  Psilotum 
though  in  a  less  regular  manner  than  in  roots.  It  is  commonly 
termed  the  radial  arrangtment. 

The  Differentiation  of  the  Primary  Vascular  Bundle,  The  first 
indication  of  the  development  of  vascular  tissue  in  the  plerome 
is  the  differentiation  of  one  or  more  strands  of  narrow  elongated 
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merismatic  cells,  the  procamhium  or  primary  desmogen  (see  p. 
151)  ;  each  procambinm-strand  of  the  plerome  becomes  a  vascnlar 
bundle  of  the  stele. 

The  development  of  the  vascular  tissue  does  not  take  place 
simultaneously  throughout  the  whole  transverse  section  of  the 
procambium-strand,  but  begins  at  one  definite  point,  and  extends 
in  one  or  more  directions  from  that  point. 

The  development  of  the  xjlem-bundle  (or  part  of  a  conjoint 
bundle)  begins  with  the  differentiation  of  one  or  a  few  tracheids 
or  tracheeB,  constituting  the  protoxylem;  the  walls  of  the  corre- 
sponding pro- 
cambium  cells 
become  spii*al* 
ly  thickened 
and  lignified, 
and  the  proto- 
plasmic con- 
tents of  the 
cells  disap- 
pear. It  is 
an  important 
generalisation 
that  spiral 
or  annular 
vessels  (or 
tracheides)  are 
characteristic 
of,  and  abso- 
lutely confined 
to,  the  proto- 
xylem  of  the 
bundle.  The 
remainder     of 

the  primary  wood  (i.e.  the  wood  which  is  developed  from  the 
procambium)  is  then  gradually  differentiated,  the  walls  of  the 
tracheides  or  tracheae  presenting  one  or  other  of  the  various  kinds 
of  pitted  marking  (p.  104). 

Similarly,  the  development  of  the  phloem-bundle  (or  part  of  a 
conjoint  bundle)  begins  with  the  differentiation  of  a  small  group 
of  sieve- tubes  and  companion-cells,  constituting  the  protophloem^ 
which  do  not,  however,  differ  in  any  marked   manner  from  the 


Fxo.  136. — Part  of  a  transyene  aeotion  of  the  atele  of  the  Sar- 
8aparilU>root  (Smilaz) :  r  cortex ;  $d  endodermis  with  pasaage- 
oells  d;  the  pericjcle  and  the  interfascicular  conjonctive  tiasuo  v 
are  sclerenchymatoas;  v'  the  pith ;  m  the  protozylem,  and  t  a  pitted 
veesel  of  a  wood-bundle:  s  a  bast-bundle.  The  alternation,  or 
radifil  arrangement,  of  the  wood  and  bast-bundles  is  shown,  (x 
300,) 
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pest  of  the  primary  phloem,  bat  their  cavities  soon  become 
obliterated,  so  that  they  then  look  like  strands  of  swollen  cell- 
wall  (Fig.  137). 

The  details  of  the  differentiation  of  the  primary  vascular  tissue 
are  essentially  the  same  as  in  the  case  of  the  secondary  vascular 
tissue  described  on  p.  202. 

The  longitudinal  differentiation  of  the  primanj  vascular  tissue  does 
not  take  place  in  the  same  order  in  all  cases.     In  roots,  and  in 
stems  with  cauline  vascular  tissue,  the  longitudinal  differentiation 
proceeds  acropetally.     In  stems  with  common  bundles  the  differ- 
entiation usually  begins  in  the  procambium-strand  at  a  node,  pro- 
ceeding  both    downwards 
in    the   intern  ode   of    the 
stem,    and    outward    into 
the  young  leaf. 

In  the  majority  of  in- 
stances, the  whole  of  the 
procambium  -  strand  be- 
comes differentiated  into 
permanent  tissue,  either 
wood  or  bast ;  this  is  true 
for  all  root^s,  and  for  the 
stems  of  nearly  all  Pterido- 
phy  ta  and  Monocotyledons 
(  Fig.  137).  Bundles  of  this 
kind  ai^  said  to  be  closed. 

In     the     stems      of      most  yiq.  136.— Tmnsverse  section  of  the  central  part 

GymnospermS    and    Dico-  of  the  root  of  ^copu*  Colomus  (after  StnujburKer : 

.    ,    J                         .1            ,  V  X  80) ;  c  lacunar  cortex;  « en«lodernii8  ;  p  pericjcle; 

tyleaons,     on      tne      Otner  ,  primary  wood-bundlee,  with  the  BmalUi.iiulvesKela 

hand,    the    whole     of     the  (protoxylem)  externaUy;  t>  ba«t  bundles;  m  pith; 

I-    •            .  tl)3  arrangement  of  the  bundles  ia  radial. 

procambium    is   not   con-  * 

Terted  into  the  primary  wood  and  bast  of  the  collateral  conjoint 
bundle,  but  a  portion  of  it  persists  as  an  embryonic  merismatie 
ti.S8ue,  the  cambium,  forming  a  transverse  zone  between  the  wood 
on  the  inner  (central)  side  and  the  bast  on  the  outer  side  (see 
Figs.  130,  139).     Such  a  bundle  is  said  to  be  open. 

Some  few  Dicotyledons  have  cloeed  bandies  (i.e.  no  cambium)  in  the  stem, 
e.g.  Adoxa,  Ranunculus  Ficaria,  Nymphseacece,  Myriophyllum,  Utricularia,  etc. 

The  position  of  the  protoxylem  and  of  the  protophloem  in  the  trans- 
verse section  of  the  bundle  is  not  the  same  in  the  different  members 
V.  s. B  N 
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The  protophloem  is  in  all  cases  periplieral :  and  though  the  proto- 
xylem  is  also  generally  peripheral,  it  is  sometimes  internal  (as  in 
the  bundles  in  the  petiole  of  Cycads,  in  the  stem  of  Isoetes,  and  in 
the  concentric  steles  of  stems  and  petioles  of  many  Ferns),  being* 
more  or  less  surrounded  by  the  rest  of  the  primary  xylem. 


Fio.  137.— Transverse  section  of  a  conjoint,  collateral,  closed,  vascular  bundle  of  tbe  i>tein 
of  a  Monocotyledon  {Zea  Mais) :  a  outer  or  peripheral  end  of  the  bundle ;  t  inner  or  centra  I 
end ;  p  conjunctive  tissue,  the  portion  immediately  investing  the  bundle  being  sclerenchy- 
matous;  I  lyeigenous  intercellular  space  ;  sr  spiral  and  annular  vessels  constituting 
the  protoxylem ;  g  g  large  pitted  vessels,  between  i^hich  lie  the  smaller  pitted  vessels  of 
the  wood  i  V  vv  sieve-iubes  of  the  bast  with  intervening  companion*cell8 ;  just  outride  the 
bast,  and  within  the  sclerenchymatous  sheath,  the  remains  of  the  protophloem  are  visible. 
(After  Sachs:  x563.) 

In  members,  whether  monostelic  or  polystelic,  in  which  the  pri- 
mary bundles  or  the  steles  are  arranged  in  one  or  more  circles  (or 
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other  Ggare  corresponding  to  the  sectional  ontline  of  the  meriiber), 
the  orientation  of  the  bandies  in  the  stele,  as  indicated  by  the  posi- 
tion of  the  protoxylem,  bears  a  definite  relation  to  the  symmetry  of 
the  transTerse  section  of  the  member.  For  instance,  in  mednllate 
raonostelic  stems  (Fig.  130)  the  protoxylem  forms  the  innermost 
or  central  portion  of  the  bnndle;  the  bi*oken  circle  of  protoxylem- 
gronps  is  sometimes  specially  designated,  the  metlullary  sheath. 
This  condition  also  obtains  in  schizostelic  members,  as  in  the 
rhizomes  and  aerial  stems  of  Eqnisetum  (see  Fig..  116).  In  the 
root,  whether  the  vascular  cylinder  be  medullate  or  not,  the 
protoxylem  is  always  outermost  or  peripheral,'  abutting  on  the 
pericycle  (Figs.  135-6).  This  is  also  the  case^iu  monoetelic  stems 
which  are  not  mednllate  {e.g,  stem  of  Lycopodium).  The  proto- 
phloem  is  always  external,  abutting  on  the  pericycle. 

The  protoxylem  is  a  structure  of  considerable  morphological 
importance,  serving  as  it  does  to  mark  the  individuality  of  the 
xylem-bundle  of  which  it  forms  part.  This  means  of  distinction 
is  often  of  great  use  in  determining  the  constitution  of  large  masses 
of  primary  vascular  tissue,  ind|icating  whether  they  consist  of  one 
bnndle,  or  are  gamodesmic,  consisting  of  several  fused  bundles  {e.g. 
solid  vascular  cylinders  of  roots,  stem  of  Lycopodium,  vascular 
strands  of  polystelic  stems,  etc.),  and  if  the  latter,  of  how  many 
bundles  they  consist. 

It  has  been  cnstomarj  to  speak  of  saoh  a  gamodesmic  vascular  mass  as  a 
single  bundle,  describing  it  as  diarchy  triarchy  Utrarch^  etc.,  according  to  the 
nomber  of  protoxylem-gronps  detected ;  but  this  use  of  the  terms  is  inaccurate. 
Every  xylem-bundle  has  bat  one  protoxylem-group  ;  that  is,  it  is  monarch ; 
wherever  two  or  more  protoxylem-groups  are  to  be  found,  they  indicate  the 
fusion  of  a  corresponding  number  of  bundles ;  in  this  sense  the  terms  may 
be  convenient  to  describe  the  composition  of  masses  of  vascular  tissue. 

The  transition  from  the  root  to  the  stem.  Inasmuch  as,  generally 
speaking,  the  type  of  primary  structure  of  the  root  differs  so  con- 
siderably from  that  of  the  corresponding  stem,  the  transition  from 
the  one  to  the  other  is  a  matter  of  some  importance.  Taking  as  an 
illustration  the  case  of  a  plant  with  a  monostelic  stem,  the  passage 
from  the  radially  arranged  separate  bundles  of  the  primary  root  to 
the  collateral  conjoint  bundles  of  the  stem  is  effected  on  this  wise : 
— generally  speaking,  on  tracing  the  wood-  and  bast-bundles  of  the 
root  upwards  into  the  stem,  the  wood-bundles  are  found  to  twist 
on  themselves  so  that  the  protoxylem  of  each  bundle,  from  being 
peripheral  in  the  I'oot,  comes  to  be  central  in  the  stem  ;  at  the  same 
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time  they  change  their  position  somewhat,  so  that  they  come  to  lie 
on  the  same  radii  as  the  bast-bundles,  or  the  bast-bandies  may  also 
deviate  somewhat  from  their  straight  coarse,  and  thas  the  conjoint 
collateral  bandies  come  to  be  constitated.  As  a  rule,  these  changes 
of  position  are  accompanied  by  an  increase  in  number  of  the  bun- 
dles, each  of  the  bundles  of  the  root  bifurcating  above,  so  that 
there  are  commonly  twice  as  many  bundles  in  the  stem  as  in  the 
corresponding  root. 

The  strticturo  of  the  primary  bundle.    The  primary  tiood  (whether 


ff 


c^ 


s 
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Fig.  138.— Radial  longitudinal  section  of  a  conjoint,  clo8e<1,  collateral  bundle  from  tbo 
stem  of  a  Monoootjledon  (Zm  MaU ;  after  Btrasburger,  x  180) ;  to  the  right  is  the  central 
(medullary)  limit  of  the  bundle;  to  the  left  the  peripheral  (cortical)  limit;  e  p  protophloem; 
e  sieve-tabes  of  the  bast,  with  companion-cells  • ;  «p  aa\  the  protozjlem;  a  a'  remains  of 
ruptured  annular  Te»sel  lying  in  the  lysiftenous  lacuna  I ;  vg  sheaths  of  sclerenchymatons 
conjunctive  tissue.    (Compare  this  with  Fig.  137.) 

in  an  isolated  or  a  conjoint  bundle)  consists  essentially  of  lignified 
tracheal  tissue  (tracheae,  or  tracheids,  p.  134),  together  with  a 
varying  proportion  of  wood- parenchyma,  more  or  less  lignified,  the 
cells  being  occasionally  somewhat  fibrous.  The  protoxylem  (see  p. 
176)  is  usually  a  conspicuous  feature;  in  transverse  section,  on 
account  of  the  relative  small  ness  of  its  tracheae  (or  tracheids)  ;  in 
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longitadinal  section,  on  occoant  of  the  loose  spiral  or  annnLir 
thickenings  of  their  walls.  The  looseness  of  the  spiral  or  annnlar 
markings  is  due  to  the  fact  that  these  vascular  cells  are  the  tirst 
formed  constituents  of  the  bundles,  and  that  consequently  they 
are  considerably  stretched  by  the  continuance,  for  a  time,  of  the 
growth  in  length  of  the  adjacent  undifferentiated  tissues ;  hence 
the  successiye  thickenings  become  more  or  less  widely  separated, 
and  the  wall  of  the  vessels  may  be  torn  and  destroyed  (Fig.  138). 

The  primary  hast  or  phloem  consists  essentially  of  sieve-tissue 
(p.  1.35)  and  of  parenchyma.  The  sieve-tissue  consists  in  all  cases 
mainly  of  sieve-tubes  of  simple  structure  (Fig.  97,  p.  186),  con- 
stituting  the  vascular  tissue  of  the  bast,  with  which  companion- 
cell*  are  associated  in  Angiosperms  but  not  in  Gymnosperms 
and  Pteridophyta.  In  some  Angiosperms,  particularly  in  the 
closed  bundles  of  Monocotyledons  (Fig.  137),  there  is  no  bast- 
parenchyma,  the  whole  bast  consisting  of  sieve-tubes  and  com- 
panion-cells :  but  this  tissue  is  generally  present,  and  is  readily 
distinguishable  from  the  companion-cells  by  the  larger  size  of  it.s 
cells.  In  some  cases  (e.g.  some  Palms)  the  bast-pai*enchyma  is  to 
some  extent  replaced  by  sclerenchymatous  fibres  ;  otherwise  the 
occurrence  of  fibres  in  the  primary  bast  is  rare. 

The  cambium  is  present  in  the  collateral  primary  bundles  cf 
the  stem  of  most  Gymnosperms  and  Dicotyledons;  it  is  never 
present  in  primary  bundles  of  any  other  type  of  structure ;  nor, 
on  the  other  hand,  is  it  always  present  in  a  collateral  bundle 
(absent  in  Equisetum,  Monocotyledons,  some  herbaceous  Dicoty- 
ledons, see  p.  177). 

It  lies  between  the  bast  externally  and  the  wood  internally,  and 
consists  essentially  of  a  single  layer  of  merismatic  embryonic  cells 
rich  in  protoplasmic  contents,  and  with  walls  of  cellulose.  In 
transverse  section  (see  Fig.  133)  the  cells  are  oblong,  with  their 
longer  axes  placed  tangentially ;  in  longitudinal  section  (Fig. 
153)  the  cells  are  seen  to  be  elongated  and  somewhat  prosenchy- 
matous,  like  the  procambium-cells,  where  they  abut  on  the  wood 
or  on  the  bast ;  but  where  they  abut  on  primary  medullary  rays 
they  are  short  and  parenchymatous. 

x/  Variations  in  the  structure  of  a  bundle.  It  is  mentioned  on  p.  173 
that  the  leaf- trace  bundles  of  Palms  thin  out  as  they  curve  out- 
wards towards  the  pericyclo  in  the  lower  part  of  their  course ;  the 
bundle  is,  in  fact,  thickest  where  it  is  most  deeply  placed  in  the 
stem;   the  difference  in   size  of   the   bundle,  as   seen   in  trans- 
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verse  sectiou,  is  due  a  variation  in  the  number,  and  to  some  extent 
also,  in  the  size  of  its  constituent  elements,  more  especially  in  tlie 
wood. 

The  variation  in  structure  of  a  vascular  bundle  can  be  well 
observed  in  connexion  with  the  foliage-leaf.  The  number  of 
bundles  entering  the  leaf  (petiole,  when  present)  from  the  stem 
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ViG.  139.— i4  Transverae  section  of  nn  open  ojnjolrit.  collateral,  vascular  bundle  in  the 
stem  of  the  Sunflower.  If  Pith.  X  Xylem.  C  Cambiam.  P  Phloem.  A  Cortex;  s 
small,  and  «'  large  spiral  vessels  (protoxylem) ;  t  pitted  vessels;  M  pitted  vessels  iti  coarse 
of  formation  from  the  cambium;  K  wood-fibres ;  «b  sie/e  tubes;  b  fibres  of  the  hetero- 
geneons  pericycle  ;  «  endodermis  or  bundle-sheath ;  ic  inter-fascioular  conjunctive  tissue. 
B  Radial  vertical  section  through  a  similar  bundle  (somewhat  simplified)  lettered  like  the 
former.    (xl50). 

varies  from  one  to  many;   these  bundles,  when  derived  from  a 
monostelic  stem,  are  segments  or  branches  of  the  stele  (meristeles), 
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when  derived  from  a  poljstelic  stem,  they  are  entire  steles.  The 
structure  of  the  leaf -bundles  corresponds  essentially  with  that  of 
the  stem-bundles ;  if  the  latter  are  concentric  or  collateral,  etc.,  so 
are  the  former,  as  a  general  rule ;  but  in  the  Cycads  the  bundles  in 
the  petiole  have  the  protoxylem  central  next  to  the  bast  (see  p.  178) 
instead  of  in  the  normal  position  which  it  occupies  in  the  stem- 
bundles;  and  again,  whilst  the  bundles  in  the  petiole  of  most 
Ferns  are,  like  those  of  the  stem,  concentric,  in  the  ribs  of  the 
lamina  they  become  collateral.  At  the  same  time  it  should  be 
pointed  out  that  whilst  the  general  relations  of  the  bundle  are 
usually  the  same  in  both  stem  and  leaf,  the  changed  conditions 
usually  involve  a  somewhat  different  description.  For  instance, 
the  common  conjoint  bundles  of  the  stem  of  a  Dicotyledon  are 
collatei'al,  the  protoxylem  being  the  most  internal  or  central  part 
of  the  bundle,  the  protophloem  the  most  external  or  peripheral 
part;  on  tracing  a  bundle  into  a  leaf  which  is  dorsiventral,  and 
lies  in  a  nearly  horizontal  plane  of  expansion,  the  xylem  of  the 
conjoint  bundle  will  be  found  to  lie  towards  the  upper  (ventral) 
surface  of  the  leaf,  with  the  protoxylem  uppermost,  whilst  the 
phloem  is  directed  towards  the  lower  (dorsal)  surface,  with  the 
protophloem  lowermost ;  the  description  of  the  position  and  rela- 
tions of  the  bundle  must  be  in  accordance  with  the  symmetry  of 
the  member  of  which  it  fonns  part, 
i-  The  Termination  of  the  Vascular  Bundle,  The  gradual  thinning 
out  and  termination  of  the  vascular  bundle  can  nowhere  be  more 
satisfactorily  studied  than  in  leaves.  The  bundles,  when  traced 
towards  their  ultimate  ramifications,  are  seen  to  diminish  in  bulk- 
in  consequence,  partly,  of  a  reduction  in  number  of  the  constituent 
elements,  and  partly  also  to  the  smaller  size  of  the  elements  which 
still  remain.  The  mode  of  termination  of  the  vascular  bundles  in 
foliage-leaves  is  briefly  as  follows.  In  many  cases  the  bundles 
have  only  free  ends,  as  in  most  Pteridophyta  (e.g,  Adiantum, 
Selaginella),  and  generally  in  small  reduced  leaves.  In  others, 
there  are  no  free  ends,  but  the  finer  branches  anastomose  with  each 
other  to  form  a  closed  system ;  this  is  characteristically  the  case 
where  the  venation  is  parallel  (e.g.  Monocotyledons,  see  p.  55). 
In  others,  again,  the  finer  branches  anastomose,  forming  a  network 
ft'om  the  meshes  of  which  the  ultimate  branches  project  among  the 
mesophyll-cells  as  free  ends :  this  obtains  generally  among  Dicoty- 
ledons. The  free  ends  of  the  bundles  consist  of  one  or  two  rows 
of  short  tracheids  with  close  spiral  markings;  no  sieve- tubes  can 
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be  traced  quite  to  the  extremity  ;  thej  disappear  farther  back, 
and  their  place  is  taken  by  pai*enchymatons  cells. 

Bandies  often  terminate  in  connection  with  glandalar  tissae ; 
for  instance,  in  chalk-glands  (see  Fig.  100,  p.  139),  or  nectaries. 
-A  §  34.  Histology  of  the  Development  of  Secondary 
Members.  It  has  been  already  pointed  oat  (p.  17)  that  the 
growing- point  is  the  seat  of  development,  not  only  of  new  tissoe, 
but  also  of  new  members ;  and  farther  (p.  19),  that  secondaiy 
members  ai'e  developed  either  by  dichotomy  or  by  lateral  oat- 
growth. 

*  A,  Development  of  normal  branches  of  the  shoot  or  of  the  thaJltis. 
only  takes  place  at  the  growing-point,  whether  apical  or  inter- 
calary. 

a.  By  dichotomy.  This  only  occurs  in  apical  growing-points ; 
two  modes  may  be  distinguished  accordingly  as  the  growing-point 
has  or  has  not  an  apical  cell : 


Fio.  140.— A  B  0  Buooessiye  stAges  in  trae  dichotomons  branching  by  long^indinfU 
division  of  an  apioal  cell ;  from  the  shoot  of  Dict}fota  diclivtoma  (highly  magnified ;  after 
Kaegeli). 

— when  there  is  an  apt  cat  cellj  true  dichotomous  branching  is 
effected  by  the  longitudinal  division  of  the  apical  cell  into  two, 
each  of  which  becomes  the  apical  cell  of  a  branch : 

A  spnrioas  form  of  dichotomy  oocnra  in  some  plants  {e,g.  tballoid  Jnnger- 
mftDniaceaa) ;  here,  though  the  apical  cell  of  the  branch  is  developed  from  a  seg- 
ment of  the  apical  cell  of  the  main  shoot,  yet  since  the  really  lateral  braoch 
grows  qaite  as  vigorously  as  the  main  shoot,  the  result  is  an  apparently  dicho- 
tomous branching. 

— when  there  is  no  apical  celly  the  growing-point  becomes 
broadened,  and  the  central  portion  of  it  passes  over  into  condition 
of  permanent  tissae,  leaving  two  distinct  masses  of  embryonic 
tissae,  which  constitute  the  growing-points  of  the  two  branches 
{e.g.  Marchantiacefe). 

h.  By  lateral  outgrowth ;  this  may  occur  in  either  an  apical  or 
intercalary  growing- point : 
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— when  there  U  a  single  initial  cell  ia  the  growing-point,  tlie 
growing-point  of  the  branch  is  developed  either  directly  from  the 
initial  cell  itself,  as  in  some  Algse  (Fig.  141  A),  or  more  com- 
monlj  from  a  segment  of  the  initial  cell,  as  in  many  Algce  (Fig. 
141  C),  Mosses,  Liverworts,  eke. : 

— tchen  there  is  not  a  single  i^iitial  cell  (e.g.  Phanerogams),  the 
growing-point  of  the  branch  is  formed  by  division  of  cells  of  the 
jjeriblem,  including  several  layers,  which  grow  and  divide,  form- 
ing a  lateral  protuberance  with  the  growth  of  which  the  dermato- 
gen  keeps  pace ;  the  primary  meristem  of  the  branch  undergoes 
differentiation  into  tissue-systems  coiTesponding  to  those  of  the 
parent  members,  and  continuous  with  them. 


ui.  B.  C 

Fio.  141.— lUtistrating  development  of  lateml  membera ;  A  (Siypocatilon  %co!^v\wm.^  x  90)f 
firom  fiho  apical  cell  itaelf  :  B  (D0tinar«»tta  XiqvXala^  x  60)  from  the  segrments  of  an  inter- 
calary ffro wing-point;  C(Ch<vtopt0ru  piumotu,  x  40)  from  tbu  aegmenbi  of  the  apical  oelL 
(After  Falkonberg). 

Normal  branches,  however  the  details  of  their  development  may 
vary,  agree  in  this,  that  they  are,  with  rare  exceptions  (see  p. 
20),  of  exogenous  origin. 

B,  Development  of  Leaves  only  takes  place  ai;  the  growing-point 
of  a  stem,  and  always  by  lateral  outgrowth  (see  p.  45). 

When  the  growing-point  of  the  stem  ha^  a  single  initial  cell,  the 
growing-point  of  the  leaf  is  developed  either  from  the  apical  cell 
itself,  or,  more  commonly,  from  the  whole  or  a  part  of  a  segment 
of  the  apical  cell. 

When  the  growing-point  of  the  stein  has  not  a  single  initial  cell,  as 
in  Phanerogams,  the  growing-point  of  the  leaf  is  formed  by  the 
division  of  cells  belonging  to  one  or  more  of  the  superficial  layers 
of  the  periblem,  accompanied  by  growth  and  division  of  the  cor- 
responding cells  of  the  dermatogen. 
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The  primary  meristem  of  the  leaf  becomes  differentiated  into 
tissue- systems  corresponding  to,  and  continuous  with,  those  of  the 
stem  which  bears  it.  In  the  developing  leaves  of  those  vascular 
plants  which  have  common  bundles  (see  p.  177),  the  differentia- 
tion of  the  protoxylem  begins  at  the  point  of  junction  of  leaf  and 
stem,  extending  outwards  in  the  procambium-strands  of  the  leaf, 
and  inwards  in  those  of  the  stem. 

The  development  of  secondary  branches  of  the  leaf  takes  place 
in  essentially  the  same  manner  as  that  of  the  leaf  from  the  stem. 
Dichotomous  branching  of  the  leaf  (see  p.  51)  takes  place  in  the 
same  way  as  dichotomous  branching  of  the  stem. 

It  will  be  seen  that  the  development  of  a  leaf  on  any  stem  takes 
place  in  essentially  the  same  way  as  the  development  of  a  lateral 
branch  on  that  stem ;  it  is  only  later  that  leaves  and  branches 
assame  their  distinctive  characters. 

C.  Development  of  Branches  of  the  Root.  It  has  been  pointed  out 
that  the  only  normal  secondary  members  produced  by  the  root 
are  root-branches,  or  secondary  roots;  these  may  be  developed 
either  by  dichotomy  or  by  lateral  outgrowth. 

a.  By  dichotomy.  This  has  only  been  observed  in  certain  sporo- 
phytes  among  the  Pteridophyta  (Lycopodium,  Isoetes).  Hei^e  the 
growing-point  broadens,  under  the  root-cap,  the  central  portion 
passing  over  into  permanent  tissue,  whilst  the  two  sides  remain 
merismatic  and  form  the  growing-points  of  the  two  secondary 
roots ;  the  old  root-cap  is  exfoliated,  and  each  growing-point  forms 
a  new  one  for  iteelf .  The  successive  dichotomies  take  place  in 
planes  at  right  angles  to  each  other. 

5.  By  lateral  outgrowth.  It  has  been  already  stated  (p.  62)  that 
the  lateral  development  of  secondary  membera  does  not  take 
place  at  the  growing-point  of  the  root,  but  at  a  considerable 
distance  behind  it,  where  the  tissues  have  already  assumed 
th6ir  permanent  differentiation.  The  lateral  roots  are  developed 
endogenously  from  a  layer  of  this  tissue  which  remains  embryonic 
longer  than  the  adjacent  tissues.  This  layer  may  be  either  the 
pericycle,  as  in  Phanerogams,  or  the  endodermis,  as  in  most  Vascular 
Cryptogams. 

In  the  Phanerogams  (Fig.  142),  the  growing-point  of  a  lateral 
root  is  formed  by  the  growth  and  division  of  a  group  of  pericycle- 
cells,  lying  usually  just  externally  to  the  outer  end  of  a  xylem- 
bundle ;  hence  there  are  as  many  longitudinal  rows  of  lateral  roots 
produced  as  there  are  xylem-bundles  in  the  parent  root,  and  cor- 
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respond iDg  with  them  in  position.  Bat  to  this  rule  there  are  some 
exceptions ;  for  instance,  when,  as  in  the  Grasses  and  Cyperaee®, 
the  pericycle  is  wanting  opposite  the  xylem-bundles,  the  lateral 
roots  are  developed,  not  opposite  to  the  xjlem-bundles,  but  opposite 
to  the  phloem-bundles ;  again,  when  there  are  only  two  xylem- 
bundles  in  the  parent  root,  four  rows  of  lateral  roots  are  produced 
each  root  being  developed  on  one  side  of  a  xylem. bundle  of  the 
parent  root.  A  similar  displacement  occurs  in  Umbelliferoe, 
Araliacese  and  Pittosporacese,  where  the  pericycle  is  interrupted 
opposite  to  each  xyle  in -bundle  by  an  oil-duct  (see  p.  168). 


Fio.  142.— niastrating  tbe  development  of  a  secondary  root  in  a  Phanerogam.  A  trans- 
Terse,  B  longitadinal,  section ;  tfp epiblema ;  «n  endodermis;  pe  pericycle;  to  protox.vlem 
and  b  phloem  of  the  parent-root ;  re  root  cap ;  o  periblem,  and  pi  plerome,  of  the  de- 
veloping lateral  secondary  root.    (TtfMdolia  nudicaulU',  x  about  300 ;  after  van  Tieghem}. 

In  most  Vascular  Cryptogams  (except  Lycopodium  and  Isoetes, 
where  secondary  roots  are  produced  only  by  dichotomy),  the  apical 
cell  of  a  secondary  root  is  formed  from  one  of  a  row  of  large 
endodermal  cells,  the  rhizogenic  cells,  lying  just  externally  to  each 
xylem-bundle  of  the  parent  root.  In  Equisetum,  where  the  endo- 
dermis consists  of  two  layers  (see  p.  165),  tbe  secondary  roots  are 
developed  from  cells  belonging  exclusively  to  the  inner  layer, 
which  are  adjacent  to  the  xylem-bundles. 
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It  will  be  understood  that,  in  order  to  reach  the  snrfaoA,  the  lateral  seoondary 
roots  must  penetrate  the  external  tissues  of  the  parent  root.  This  is  not 
effected  by  purely  mechanical  means,  but  by  chemical  action,  leading  to  solution 
and  absorption,  exerted  on  the  tissues,  either  by  the  rootlet  itself,  or,  more 
commonly,  by  a  digetilve  $ac  which  invests  the  rootlet,  and  is  formed  in  Phanero- 
gams by  the  growth  and  division  of  the  cells  of  the  iendodermis  (and  sometimes 
one  or  two  layers  of  cortical  cells),  in  Vascular  Cryptogams,  by  the  growth  and 
division  of  one  or  more  of  inner  layers  of  cortical  cells  just  external  to  the  eudo- 
dermis,  of  the  parent  root. 

D,  Development  of  Hairs.  These  stractnres  are  in  all  cases 
developed  from  the  saperficial  cells  of  the  parent  member,  that  is, 
from  dermatogen-cells  in  those  parts  in  which  this  layer  is  differ- 
entiated ;  in  the  gi-eat  majority  of  cases  each  hair  arises  from  a 
single  §aperficial  cell.  Hairs  are  generally  developed  in  acropetal 
succession,  but  considerable  irregularity  is  not  uncommon,  and 
they  are  frequently  developed  on  members  in  which  the  tissues 
have  already  acquired  their  permanent  cliaracters  (see  p.  64). 

E,  Development  of  Ihiergences,  When  exogenons  they  are 
developed  from  the  superficial  and  from  one  or  more  of  the  sub- 
jacent layers  of  tissue  of  the  parent  member,  that  is,  from  the 
dermatogen  and  periblem  of  those  members  in  which  this  differen* 
tiation  of  the  primary  meristem  obtains.  When  they  are  endo- 
genous (e.g.  haustoria  of  Cuscuta,  see  p.  67),  they  are  developed 
exclusively  fi'om  the  periblem. 

The  haustoria  of  these  parasitic  plants  are  frequently  regarded  as  roots,  either 
normal  or  adventitious,  especially  in  the  exceptional  case  of  endogenous  origin ; 
but  this  view  is  inadmissible,  in  the  first  place,  because  they  are  developed,  not 
from  the  pericycle,  but  from  the  cortex  of  the  parent-member;  and  in  the 
second,  because,  with  the  mode  of  origin,  they  are  developed  relatively  late, 
whereas,  in  accordance  with  the  general  rule  (see  p.  190),  they  ought,  were 
they  roots,  to  take  origin  from  more  deeply  seated  tiifsues  of  the  parent 
member. 

F,  Development  of  Beprodtu^tive  Organs,  The  question  as  to  the 
relation  of  these  members  to  the  primary  meristem,  only  arises 
with  reference  to  those  plants,  the  bodies  of  which  consist  of 
many  lAyers  of  tissue ;  their  origin  in  plants,  the  bodies  of  which 
consist  either  of  filaments,  or  of  flattened  expansions  of  a  single 
layer  of  cells,  need  not  be  considered  here. 

In  the  cases  under  consideration,  the  reproductive  organs  may 
be  developed  either  from  the  superficial  layer  alone,  or  from  that 
and  one  or  more  of  the  subjacent  layers. 
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Organs  developed  from  iUe  superficial  hyer  alone  (dermatogen 
when  differentiated)  :  these  may  be  developed  each  from  a  siD^le 
cell ;  as  all  sexual  organs ;  sporangia  of  all  Ferns  (except  Ophio- 
glossacesB  and  Marattiacee)  i.e.  all  leptosporangiate  Ferns  and 
Bhizocarps  (Hjdropterideee) ;  or  thej  may  be  developed  from  a 
gronp  of  superficial  cells,  as  the  sporangia  of  the  OphioglossacesB 
and  MarattiacesB  (eusporangiate  Ferns),  of  Eqnisetam,  the  Ljco- 
podiaceae,  Selaginella. 

The  antheridia  of  Faons  are  peenliar  in  that  tbey  are  single  terminal  cells  of 
branched  hairs.  It  is  a  question  whether  or  not  the  autberldia  of  Anthoceros 
(Liverworts)  are  of  endogenons  origin.  Id  Mosses  the  apical  cell  of  the  adnlt 
shoot  generally  give  rise  to  a  sexnal  organ. 

Organs  developed  from  tl^  superficial  and  deeper  layers.  In  most 
cases  the  organ  is  developed  from  the  superficial  and  the  subjacent 
(hypodermal)  layer,  e.g.  microsporangia  (pollen-sacs)  and  macro- 
sporangia  (ovnles)  of  most  Phanerogams;  in  some  cases  cells  of 
one  or  more  deeper  layers  take  part  in  the  formation  of  the  organ 
{e.g.  sporangia  of  Isoetes,  ovules  of  G^eum,  Symphytum,  Verbascum, 
etc.)  ;  rarely  only  a  single  cell  of  the  hypodermal  layer  is  con- 
cerned {e.g.  ovule  of  Orchids) ;  in  Balanophora  the  ovule  appears 
to  be  developed  from  a  single  superficial  cell. 

The  primitive  sporogenoas  tissue  (archesporinm,  see  p.  73)  is,  in  the  sporangia 
of  all  Vascular  Plants,  derived  from  the  hypodermal  layer  of  the  young  spor- 
angium ;  it  may  consist  of  a  single  cell,  or  of  a  row  of  cells,  or  of  a  layer  of  cells. 
In  the  Mosses  the  arcliesporium  is  more  deeply  seated,  arising  from  the  ex- 
ternal layer  of  the  endotheoium  (rudimentary  plerome)  as  in  most  Mosses,  or 
from  the  innermost  layer  of  the  amphlthedum  (rudimentary  periblem)  as  in 
Sphagnum  and  in  the  Liverwort  Anthoceros. 

0.  The  Development  of  Adventitious  Secondary  Members  (see  p. 
21). 

1.  On  the  stem.  The  most  common  case  is  that  of  the  develop- 
ment of  roots,  but  occasionally  shoots  (buds)  are  developed  ad- 
ventitiously. 

The  adventitious  developinent  of  roots  on  the  stem  takes  place 
most  commonly  by  the  formation  of  a  growing-point,  by  the  divi- 
sion of  a  group  of  pericycle-cells  in  the  way  described  above 
(p.  186)  with  reference  to  the  development  of  normal  lateral  roots 
on  the  parent  root.  In  any  one  plant  the  two  processes  are  similar 
in  every  detail.  When  they  are  developed  on  old  stems,  tbey 
anse  from  more  deeply  placed  tissues,  such  as  those  of  the  primary 
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or  even  tlie  secondary  bast.  In  both  these  crises  the  adventitious 
root  is  developed  endogenously. 

In  other  cases,  adventitious  roots  are  developed  from  more 
superficial  layers  of  tissue  (e.g.  Equisetum,  Selaginella;  roots 
developed  in  connection  with  buds,  as  in  Bauunculus  Ficai-ia^ 
Nasturtium,  Cardandne,  Anemone,  etc.)  that  is,  exogenonsly. 

The  adventitious  development  of  buds  on  the  stem  may  take  place 
either  exogeuously  or  endogenously.  In  the  former  case  the  buds 
may  be  developed  each  from  a  single  epidermal  cell  {e.g.  Begonia 
proliferaj  underground  shoots  of  Psilotum),  or  from  the  epidermis 
and  subjacent  layers  (e.g,  Linaria  vulgaris).  In  the  latter  case 
the  adventitious  bud  arises  from  the  pericycle  (e.g.  Cascuta^ 
epicotyl  of  Convolvulus  arvensis). 

AdventitiouB  buds  are  oommonly  developed  in  the  Algie  and  Liverworts, 
either  exogenonsly,  from  single  superficial  cells  at  the  margin  or  on  the  surface 
of  the  thallus  of  Delesseria  and  other  Algie,  or  of  that  of  Metxgf.ria  furcata 
among  Liverworts,  or  endogenously,  as  in  Fucus  and  apparently  also  in 
Metzgeria. 

2.  On  the  root.  Adventitious  buds  may  be  formed  either  exo- 
genonsly or  endogenously  on  the  root ;  in  the  former  case  they 
arise  from  the  superficial  layers  (e.g.  Aristolochia  Clematitis)  ;  in 
the  latter,  from  the  pericycle  (e.g.  AlUaria  officinalis^  Anetttone 
sylvestris,  etc.) 

3.  On  the  lenf.  Adventitious  buds  developed  on  leaves  are  of 
exogenous  origin,  the  epidermis  being  more  especially  concerned 
in  their  production.  Adventitious  roots  are  usually  of  endogenous 
origin,  being  derived  from  cells  of,  the  pericycle ;  but  in  some 
cases  (eg.  Card  amine  prateneis,  Na^turiium  oficinale  and  silvestris\ 
where  they  arise  in  direct  connexion  with  adventitious  budri, 
they  are  exogenous,  being  derived  from  the  epidermis  and  the 
superficial  cortical  layers  of  the  axis  of  the  bud. 

Adventitious  buds  and  roots  are  also  developed  from  the  callus  (see  p.  21) 
formed  on  the  injured  surfaces  of  stems,  roots,  and  leaf-stalks :  the  former  mi<y 
be  endogeuou'i  or  exogenous,  the  latter  are  endogenous. 

From  the  foregoing  account  of  the  development  of  adventitious 
buds  and  roots,  it  is  clear  that  no  definite  rule  as  to  their  mode  of 
origin  can  be  laid  down,  based  on  their  morphological  character. 
However,  the  following  rule  appears  to  hold  good,  that  the  mode 
of  origin  of  an  adventitious  member  depends  upon  the  age  cf  the 
part  from  which  it  is  developed :  when  the  part  is  very  young,  the 
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adventitioQS  member  is  developed  exogenous] j ;  when  the  part  is 
older  with  its  tissues  more  or  less  differentiated,  the  adventitious 
member  is  developed  endogeneouslj,  usually  from  the  pericycle, 
but  sometimes  from  still  deeper  tissues,  according  to  the  relative 
age  of  the  part. 

^  §  35.  The  Formation  of  Secondary  Tissue.  In  addition 
to  the  formation  of  primary  tissue  from  the  pinmary  meristem  of 
the  growing-point,  as  above  described,  a  formation  of  secondary 
tissue  takes  place  in  many  plants,  which  is  in  most  cases  associated 
with  a  growth  in  thickness  and  may  give  rise  to  secondary  stelar 
tissue,  or  to  secondary  extra-stelar  tissue. 

A.  The  Normal  Formation  of  Secondary  Stelar  TUsue  in  the 
stem  takes  place  in  most  Gymnosperms  and  Dicotyledons  (as 
also  in  some  OphioorlosssaoeoB),  and  is  effected  by  the  continuous 
mensmatic  activity  of  the  cambium  of  their  open  collateral 
bundles.  These  are 
arranged  in  a  circle 
in  a  transverse  sec- 
tion (Fig.  143  il):  the 
commencement  of 
gr-owth  in  thickness 
is  pi-eceded  by  tan- 
gential    divisions    in 

the  conjunctive  tissue  Fio.    14S.— Dia^nimroatio   trAnsverse    Boctions   o\     a 

rFi«y    V^Q^    whiVh    liPH  normal  dicotyledonous  stem  whi^h  frrows  in  thickness. 

(^rig.  1.).;    wnicn    nes  ^  very  young:  there  are  Bve  isolated  bundles;  w  pith; 

between  the  bundles  ;  r  cortex ;  h'  primary  bast ;  h'  priranry  wood :  c  cambium. 

this  ffives  rise  to  cam-       ^  ^^^"^  ^^"^^  ^  thickness  has  commenced  :  h»  secon- 
°  dary  wood;  b*  secondary' bast. 

bium  which   becomes 

continuous  with  that  of  the  vascular  bundles.  A  closed  hollow 
cylinder  is  thus  formed,  which  appears,  in  a  transverse  section, 
as  a  ring,  the  cambium-ring  (Fig.  143  B  c)  completely  separating 
the  pith  from  the  cortex  :  it  consists  of  two  portions  correspond- 
ing to  its  mode  of  origin ;  fascicular  camhiumy  i.e,  the  cambium 
belonging  to  the  vascular  bundles,  and  the  inter-fascicular  cambium, 
i.e.  that  which  is  formed  between  the  bundles  in  the  primary 
medullary  rays  (see  Fig.  130). 

A  cambium-ring  is  likewise  fgrraed  in  the  root  of  these  plants 
(Fig.  144).  The  first  indication  of  the  formation  of  a  cambium- 
layer  is  the  division  of  the  cells  of  the  conjunctive  parenchyma  on 
the  inner  surface  of  each  bast-bundle :  then  those  on  the  flanks 
of  the  bast-bundles  begin  to  divide ;  and  thus  a  number  of  arcs 
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of  cambium  are  formed,  extending  from  the  inner  surface  of  each 
basfc-bnndle  to  the  pericjcle.  The  pericjcle-cells  lying  externally 
to  the  outer  ends  (protoxylem)  of  the  wood-bundles  now  divide, 
and  connect  the  arcs  of  cambium.  Thus  a  continuous  cambium- 
layer  is  formed,  which  has  at  first  a  wavy  outline,  as  seen  in 
t]*ansverse  section,  but  which  becomes  circular  as  the  development 
of  the  secondary  tissue  proceeds. 

The  cambium-layer  of  the  primary  root  is  continuous  with  that 
of  the  primary  stem ;  hence,  in  a  plant  in  which  stem  and  root 
grow  in  thickness,  there  is  a  continuous  layer  of  merismatic  tissue 
extending  from  one  end  of  it  to  the  other ;  for  the  cambium  of 
tlie  branches  of  both  stem  and  root  is  continuous  with  that  of  the 

pnmaiy  members ;  and  fur- 
^  ther,  the   cambium   is    con- 

tinuous with  the  merismatic 
tissue  of  the  growing- points 
of  the  primary  stem  and  root 
and  of  their  branches. 

The  cells  of  the  cambium- 
ring,  in   the  stem  and  voot 
alike,     constantly     undergo 
both   tangential    and    radial 
division,  so  that  the  number 
of  the  cells  increases  in  the 
radial   direction  as  well    as 
in  the  circumferential  ;    the 
growth   of  these    cells   pro- 
duces  an  extension    of    the 
organ   in    both   these   direc- 
tions.    Of  the  cells  formed 
by  tangential  division,  those 
lying  on  the  inner  side  of  the 
cambium,  are  transformed  into  the  elements  of  the  wood  (Fig. 
148  B  h'),  those  on  the  outer  side,  into  the  elements  of  the  bast, 
while  the  cells  of  the  intermediate  zone  continue  to  be  capable  of 
dividing.    The  activity  of  the  cambium  thus  gives  rise  to  secondary 
wood  and  secondary  bast,  as  distinguished  from  the  primary  con- 
stituents of  the  bundle,  which  existed  previously  to,  and  indepen- 
dently of,  the  activity  of  the  cambium.     The  primary  wood  of  the 
bundle  is  thus  the  innermost  part  of  it,  and  the  primary  bast  the 
most  external. 


Fie.  141.— Transvene  neetion  of  the  stele  of 
che  root  of  8amb%eM»  nigra,  where  recondary 
growth  in  thickneM  is  commencing,  r  Cor- 
tez ;  ed  endodermis  ;  pc  poricycle :  *  x  s  the 
three  groups  of  protoxylem i  VPP  the  three 
groups  of  phloem ;  o  dividing  cells  of  the  oon- 
jiinctive  tissue  forming  part  of  the  developing 
cambium-ring. 
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The  tangential  division  of 
the  cambium-eellB  takes  phice 
in  a  regular  order,  termed,  in 
honoor  of  the  discoverer,  Sanio*» 
law  of  cambial  diviiion.  Each 
cambinm-cell  divides  into  two 
by  a  tang^itial  ^parallel  to  sur- 
face of  member)  wall ;  one  of 
these  two  cells  remains  meris- 
matic, — the  other  undergoes 
further  division,  by  a  tangential 
wall,  into  two  which  may  be 
either  directly  converted  into 
permanent  tissue  (either  wood 
or  bast)  or  after  having  under- 
gone yet  another  tangential 
division.  When  an  addition  is 
to  be  made  to  the  wood,  the 
outer  of  the  two  first- formed 
cells  remains  merismatio,  the 
inner  forming  permanent  tis* 
sue ;  when  to  the  bast,  it  is  the 
inner  of  the  two  first- formed 
cells  which  remains  merismatic, 
and  the  outer  which  is  con- 
verted into  permanent  tissue. 

Not  only  does  the  fascicular 
cambium  add  secondary  wood 
and  bast  to  the  primary  bundles 
of  the  stem,  but  the  interfasci- 
cular cambium  generally  forms 
(except  Menispermacead,  Gu- 
enrbitaceffi,  woody  PiperacesB, 
Aristolochia,  Casuarina,  and 
some  other  plants,  where  it 
only  forms  conjunctive  tissue) 
new  secondary  bundles  between 


Pi»,  146.— Part  of  »  tranKverse 
section  of  a  branch  of  Pinitt  »ylv€$- 
tritt  illoatratiiig  the  development  of 
tiMae  from  the  cambium:  the  lower 
part  of  the  section  is  the  central 
(woodX  the  npper  the  peripheral 
(bai4)  f  i  initial  layer  (cambimm  pro- 
perX  on  each  side  of  which  are  still 
yoong  deemogen-cells  in  process  of  differentiation  into  either  wood  or  bast ;  1,  2, 3  jonnf^ 
zjlem-tracheids,  with  developing  bordered  pits;  fc  cells  of  the  bast-parencbyma  with 
brown  contenU;  •  sieve-tube  with  lateral  sieve-plate;  m  a  medullary  ray,  to  which, 
adrtitinms  are  also  made  in  the  cambial  region.    (After  Btrasbuzger :  x  640.) 

Y.  8.  B.  0 
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the  primary,  and  in  this  way  a  compact  ring  of  wood  and  of  bast  is  formed. 
These  secondary  bundles  are  of  course  destitute  of  protoxylem  and  proto- 
phloem. 

In  roots  the  secondary  vascular  tissue  is  developed  in  essentially  the  same 
manner  as  in  the  stem ;  the  wood  inwards,  the  bast  outwards,  from  the  cam- 
bium-layer;  and  the  same  forms  of  tissue  are  produced.  It  is.  however,  only  in 
certain  cases  {e.g.  Taraxacum,  Scorzonera  hiipanica,  Bubia,  Taxus,  Cupressus, 
etc.)  that  the  cambium  of  the  root  produces  wood  internally,  and  bast  extern- 
ally, over  its  whole  surface,  so  that  a  complete  ring  of  secondary  vascular 
tissue  is  formed :  in  most  cases  {e.g.  Ceutranthas,  Tropieolum,  Urtica,  Cucur- 

bita,  Phaseolus,  Convolvulus,  Clnsia,  etc.) 
secondary  vascular  tissue  is  formed  only 
opposite  to  the  primary  bast-bundles, 
whereas,  opposite  to  the  primary  wood- 
bundles,  the  cambium  produces  only 
gtound- tissue,  thus  giving  rise  to  broad 
medullary  rays  opposite  to  these  bundles 
(Fig.  14C). 

The  Tissues  developed  from  the 
Cambium. —  In  stems  and  roots  in 
which  the  growth  in  thickness  is 
normal,  the  cambium  gives  rise  to 
secondary  wood,  secondary  bast,  and 
secondary  conjunctive  tissue  (me- 
dullary rays). 

The  structure  of  the  secondary  tcood 
differs  essentially  from  that  of  the 
primary  wood  only  in  that  it  in- 
cludes no  spiral  or  annular  vessels 
resembling  those  of  the  protoxylem 
(see  p.  176).  It  always  inclades 
tracheal  tissae ;  nearly  always  wood- 
parenchyma  (see  p.  132) ;  frequently 
Bclerenchyma :  the  cell- walls  of  all 
these  forms  of  tissue  are  usnally 
more  or  less  completely  lignified. 

The  secondary  tracheal  tissue  may 
consist  either  solely  of  tmchesB  (e.g. 
Platanus,     Fraxinus     excelsior     and 


Fig.  140.— X  Trans%'eree  eection  of 
a  yovng  root  of  PhAMolut  invXtifiorvM : 
pr  cortex ;  m  pith ;  m  stele ;  g  primnry 
xylem-bnndles ;  6  primary  phloem- 
bandies.  B  Transverse  section  of  an 
older  root  of  the  same  plant,  which 
is  growing  in  thickness :  b' secondary 
bast;  fc  periderm;  the  foar  ray«  ex- 
tending to  near  the  centre  consist 
of  secondary  frround-tissue,  and  cor. 
respond  in  position  to  the  primary 
wood-bandies.  (Sliglitly  magnified; 
after  Sachs.) 


Ornus,  Citrus,  Viscum,  Hydrangea) ; 
or  solely  of  tracheids  (e.g.  Coniferee,  Dnmys  Winteri)  ;  or,  as  is 
generally  the  case,  of  both  trachece  and  tracheids.  The  cell- walls 
of  the  tracheal  tissue  are,  as  a  rale,  marked  with  bordered  pits ; 
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bht  occasionally,  especially  in  soft  wood,  the  walls  are  reticulately 
thickened. 

The  secondary  wood-parenchyma  consists  of  oblong  cells,  which 
are  generally  so  arranged  that  their  long  axes  are  parallel  to  that 
of  the  member  of  which  they  form  part :  they  occur  in  short 
longitadinal  strands,  consisting  commonly  of  a  single  row  of  cells 
(Fig.  148  C),  but  sometimes,  in  the  middle  only,  of  more  than  one 


Fig.  147.— TnuiBTerte  ■ection  of  a  root  of  the  Yew  {Taxut  haceata)  which  has  began  to 
frow  ill  thiokness :  o  cortex ;  m  inner  cortical  layer  (see  p.  100] ;  •  endodermis ;  p  peri- 
cycle  i  a  prr^totylem-fctQnp  of  one  of  the  two  confluent  primary  zylem-bandlee }  t'  trachelds 
of  primary  wood ;  /  interfascicular  conjunctive  titsae ;  t"  secondary  wood  formed  from  a 
cambinm-layer  situated  Just  externally  to  it ;  v*  secondary  bast ;  v'  primary  bast  which 
is  beocmicg  crushed  and  disorganised  by  the  cambial  development  of  new  tissues ;  h  cells 
of  secondary  bast,  containing  orybtalf;  r  cells  of  pericyde  containing  resin.  (After  Siras- 
bon^er;  x  42). 

row.  They  are  true  cells,  containing  protoplasm  and  a  nucleus, 
and  other  substances,  such  as  starch  (especially  in  perennial  stems 
and  roots  in  winter),  tannin,  etc.  Their  walls  are  generally 
lignified,  but  usually  not  very  much  thickened,  and  have  circular 
or  elliptical  simple  pits.  In  many  soft  fleshy  stems  and  roots 
(e.g.  Potato,  Radish,  Turnip,  Beetroot),  where  this  tissue  is  the 
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principal  product  of  the  activity  of  the  cambium,  the  cell- walls 

are  not  lignified. 

The  secondary  scUrenchyma  consists  of  elongated  pros- 

enchymatous  cellp,  with  more  or  less  thickened  lignified 
walls  marked  with  narrow  oblique  bordered  pits 
(Fig.  94,  p.  134;  Fig.  148  A,  B).  Two  forms 
of  this  tissue  are  distinguishable:  woody  fibres 
destitute  of  protoplasmic  contents,  which  are 
connected  bj  transitional  forms  with  the  tracheids 


Fio.  14S.~Iao1ated  oonsUiaents  of  the  Moondftry  wood  of  the  Lime  (TUia 
parvifolia).  A  and  B  wood.flbre8;  0  wood- parenchyma;  Dand  B  tracheids; 
F  segment  of  a  wood-veseel  (tnchea),  6  is  a  bast-fibre,  (x  180;  after  Stras- 
borger.) 

(see  p.  134)  :  fibrous  cells,  with  protoplasmic  cell-contents, 
which  are  allied  to  the  wood- parenchyma ;  in  fact,  one 
fibrous  cell  corresponds  to  a  row  of  wood-parenchyma 
cells ;  the  walls  of  the  fibrous  cells  sometimes  remain 
thin,  as  in  Yiscum  and  some  other  plants,  where  they 
replace  the  wood-parenchyma  both  structurally  and  func- 
tionally.    Both  the  woody  fibres  and  the  thick- walled  fibrcns  cells 
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may  eventDally  become  chambered  by  the  formation  of  delicate 
transverse  septa  (see  p.  133). 

The  stractare  of  the  secondary  wood  of  the  root  is  in  some  cases 
(e.g.  Conifers)  almost  identical  with  that  of  the  corresponding 
stem  ;  this  is  the  case,  to  a  somewhat  less  degree,  in  woody  Dicoty- 
ledons ;  whilst  in  herbaceons  Dicotyledons  the  stractnre  may  be 
very  different  in  the  two  members,  owing,  chiefly,  to  the  develop, 
ment  of  more  wood* parenchyma,  bat  less  fibrous  tissue,  in  the  root 
(see  above  p.  194). 

The  following  is  a  brief  enameration,  with  examples,  of  the  chief  yarieties  of 
stmctore  presented  by  the  secondaiy  wood  of  tbe  stem. 
The  secondary  wood  may  consist — 

1.  Solely  of  traoheids :  Taxus  baeeata  (Tew),  Drimi/s  Winter L 

2.  Of  tracheids  and  wood-parenchyma :  Conifers  (except  Taxns). 

3.  Of  vessels,  tracheids,  and  wood-parenchyma:  Ilex,  Staphylea,  Bosa, 
Pyms,  Cratsgns. 

4.  Of  vessels,  traoheids,  wood-parenchvma, , and  thin-walled  fibrotis  cells: 
Jasminam,  Kerria,  Potentilla,  Casaarina,  Aristolochia. 

5.  Of  vessels,  traoheids,  thick- walled  fibrous  cells,  and  wood-parenchyma: 
Acer,  Sambacus,  Euonymus,  Yitis,  Fuchsia,  Hedera. 

6.  Of  vessels,  tracheids,  and  thin-  and  thiok-walled  fibrous  cells :  Ephedra, 
Mahonia,  Berberis. 

7.  Of  vessels,  tracheids,  woody  fibre,  and  wood-parenchyma :  Calycanthus, 
Bhamnos,  Bibes,  Qaerous,  Carpinus,  Prunus. 

8.  Of  vessels,  traoheids,  woody  tfbre,  wood-parenchyma,  and  thin-walled 
fibrous  cells ;  this  is  the  most  common  type  of  structure,  and  is  to  be  found 
in  most  dicotyledonous  trees  and  shrubs,  e.g.  Salix,  Populus,  Aluus,  Betula, 
Juglans,  Tilia,  Ailanthus,  Magnolia,  Bobinia,  Oleditschia,  Ulex. 

9.  Of  vessels,  woody  fibre,  and  wood-parendiyma :  Avioennia. 

10.  Of  vessels,  woody  fibre,  and  thin- walled  fibrous  cells :  Yiscum. 

11.  Of  vessels,  woody  fibre,  wood-parenchyma,  tbln-walled  fibrous  cells: 
Platanus,  Fraxinus,  Citrus. 

12.  Of  vessels,  thick-walled  fibrous  cells,  and  wood-parenchyma :  Cheiranthus, 
Begonia. 

A  transverse  section  of  a  stem  or  a  root  of  most  coniferous  or 
dicotyledonous  trees  or  shrubs  exhibits,  even  to  the  naked  eye,  a 
series  of  concentric  layers  in  the  secondary  wood  known  as  the 
annual  rings.  These  layers  result  from  the  fact  that  the  wood 
formed  in  the  spring  is  differently  constituted  from  that  which  is 
formed  later  in  the  year.  The  anatomical  cause  of  the  distinct- 
ness of  the  annual  rings  is  the  same  in  all  cases,  namely,  that  the 
last-formed  xylem-elements  of  an  annual  ring  have  a  very  small 
radial  diameter.    In  Conifers  this  distinction  is  emphasized  by  the 
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fact  that  the  spring-wood  is  formed  of  thin- walled  tracheids  (Fipf. 
150/)  and  the  antumn-wood  of  thick-walled  tracheids  (Fig.  150  h). 
]n  dicotjledonons  trees  the  nnmber  and  size  of  the  vessels 
diiAinishes  in  each  anuaal  ring  ftx)m  its  inner  to  its  outer  limit. 
.When  this  takes  place  very  gradually,  the  eye  cannot  detect  any 
conspicnoas  difference  between  the  spring-  and  aatamn-wood  (as 
in  the  wood  of  the  Beech,  Lime,  Maple,  and  Walnut) ;  but  some 
kinds  of  wood  show  a  ring  of  conspicuously  large  vessels  in  the 
spring- wood,  while  in  the  autumn- wood  there  are  numerous  much 
smaller  vessels  (as  in  the  wood  of  the  Oak,  Elm,  and  Ash). 


Fiu.  149.— Purt  of  a  ii-ausveree  seofion  of  a 
twig  of  the  Lime,  four  years  old  (slightly 
magnified):  m  pith;  m«  medullary  shtath;  x 
cecondary  wood  ;  1  2  3  4  annual  rings;  c  cam- 
bium ;  pa  dilated  outer  ends  of  primary  medul- 
lary rays;  b  bast ;  pr  primary  cor(ex ;  k  curk. 


Fio.  150.— Transyerse  section  of  por- 
tion of  the  secondary  wood  of  a  branch 
of  the  Fir  at  the  junction  of  two  annual 
rirgs :  m  n  medullary  ray- all  the  other 
t  ellB  belong  to  the  wood ;  /  large-celled 
spring- wood;  h  small-celled  autumn- 
wood  ;  10  the  limit  between  the  autnmn- 
woo<l  of  one  year  and  the  spring-wood 
of  the  following  year ;  between  h  and  w 
is  the  flattened  limiting  layer  (x  250). 


The  thickness  of  the  annual  ring  viries  in  difTerent  plants,  and 
even  in  any  one  plant,  under  different  conditions  of  growth  ;  and 
not  only  the  thickness,  but  also  the  number  and  relative  distri- 
bution of  the  constituents  of  the  wood. 

The  following  case  will  serve  to  illustrate  the  Tariaiion  in  thickness  and 
structure  of  the  annual  ring.  In  a  well-grown  Ash-tree  [Vraxirms  exeeirior) 
the  annual  ring  was  found  to  be  2-3  mm.  in  thickness,  and  to  consist  of  an  in- 
ternal (spring)  zone  of  wide  vessels  with  wood-parenchyma  and  rather  thin- 
balled  woody  fibres,  followed  by  a  layer  of  thick-walled  woody  fibres  with 
scattered  smaller  vessels  surrounded  by  wood-parenchyma,  and  then  by  an  ex- 
ternal (autumn)  zone  consisting  of  wood-parenchyma  with  small  very  thick- 
walled  vessels.    In  vigorous  young  Ash-trees  growing  in  a  damp  soil,  the  annual 
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ring  was  found  to  be  15  mm.  in  thiokness :  here  the  fibres  had  thinner  walls, 
and  the  vessels,  though  more  uniform  in  size,  were  not  quite  so  wide  as  in  the 
narrower  ring  previously  described. 

The  annual  ring  is  by  no  means  always  of  equal  thiokness  all  round :  it  is 
frequently  thicker  on  one  side  of  a  stem  or  of  a  root  than  the  other,  so  that  the 
general  structure  is  strongly  ezcentrio. 

The  secondary  wood  gradually  becomes  distingDisbable  into  an 
older  intei-nal  portion,  the  heart-wood  (duramen),  and  a  younger 
outer  portion,  the  sap-wood  (alburnum).  This  arises  from  the  fact 
that,  as  the  wood  becomes  older,  the  cells  of  the  wood-parencbyma 
and  the  fibrous  cells  die  and  lose  their  protoplasmic  ce)l-cou tents ; 
as  a  consequence,  the  heart-wood  has  less  water  in  its  composition 
than  the  sap-wood.  In  some  cases  this  change  is  accompanied  by 
a  colouration  of  the  cell-walls  of  the  heart-wood,  with  the  result 
that  the  distinction  of  duramen  and  alburnum  is  most  marked 
(e.g.  Pine,  Larch,  Oak)  ;  it  is  but  rarely  that  this  distinction  is  not 
observable  (e.g,  Buxus,  Acer pseudoplatanus  and  platanoides). 

The  structure  of  the  secondary  hast  essentially  resembles  that  of 
the  primary  bast.  It  always  consists  of  sieve-tubes  and  of  paren- 
chyma, and  very  frequently  of  thick-walled  fibres  as  well. 

The  sieve-tubes  of  the  secondary  bast  have  the  compound  sieve- 
plates  shown  in  Fig.  98,  p.  137 ;  in  Dicotyledons  they  have  com- 
panion-cells developed  in  relation  with  them.  The  parenchyma 
very  much  resembles  that  of  the  secondary  wood,  except  that  its 
cell-walls  are  not  lignified ;  it  is  abundantly  developed  in  certain 
fleshy  roots  (e.g.  Taraxacum,  Rubia,  and  the  Carrot  and  Parsnip), 
where  it  constitutes  the  chief  part  of  the  secondary  bast.  Prosen- 
chymatous  cells  with  unlignified  walls,  corresponding  to  the  thin- 
walled  fibrous  cells  of  the  secondary  wood  (p.  196),  are  sometimes 
present.  The  bast-fibres  closely  resemble  the  woody  fibres,  but 
their  walls  are  not  lignified  (Fig.  148  Q). 

In  many  cases  the  secondary  bast  contains  no  bast-fibres  (e.g, 
AbietinesB,  Fagus,  Betula,  Alnus,  Platanus,  Cornus,  Ephedra,  etc.). 
When,  as  is  usually  the  case,  bast- fibres  are  present,  their  arrange- 
ment presents  considerable  variety  :  there  may  be  alternating  tan- 
gential  layers  of  fibres  (hard  bast)  and  of  sieve-tubes  and  paren- 
chyma (soft  bast),  as  in  the  case  of  the  CupressinesB  and  some 
Taxoidess,  and,  though  with  less  regularity,  in  many  Dicotyledons 
(e.g,  Vitis,  Spiraea,  species  of  Acer,  Tilia,  species  of  Salix,  etc.)  ; 
more  conimonly  the  tangential  layers  of  fibres  are  interrupted  here 
and  there  by  soft  bast  (e,g,  Quercus,  Corylus,  Carpinus,  Pyrns, 
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Jnglans,  Sambncns,  Rhamnus,  Ulintis,  Popnlus);  or  there  may  be 
scattered  groups  of  fibres  {e.g.  Cinchona,  Morns,  Larix,  Celtis, 
Ficus  elastica). 

The  secondary  bast  does  not,  as  a  rule,  attain  so  considerable  a 
size  as  the  secondary  wood,  nor  does  it  exhibit  annnal  rings :  this 
is  dae  to  the  fact  that,  except  in  some  fleshy  roots,  it  is  formed  in 
smaller  quantity,  and  farther,  to  the  fact  that  the  older  bast  be- 
comes crushed  and  flattened  by  the  development  of  the  more 
internal  layers  subsequently  formed. 


h  t 

FkO.  151.— Hadial  longitadinal  section  of  the  wood  of  tbe  stem  of  »  Pine,  along'  the  length 
of  »  medullary  ray  g  p  q,  oonaisting  of  six  horisontal  rows  of  cells,  one  abore  the  other .- — 
t  tracheids  with  bordered  pits ;  the  traoheids  h  with  smaller  bordered  pits  are  the  autumn- 
wood  of  one  year,  those  to  the  right  with  larger  pits  constitute  the  springs  wood  of  the  next 
year ;  q  traoheidal  elements  of  the  medullary  ray ;  p  true  cells  of  tbe  ray :  where  the  cells 
of  tbe  medullary  rays  abut  on  the  traoheids  the  pits  are  simple  and  largo  ( x  800). 

The  structure  of  the  secondary  conjunctive  tissue  (medullary  rays). 
The  cambium-ring  not  only  adds  to  the  existing  primary  medul- 
lary rays,  but  gives  rise  to  new  (secondary,  tertiary)  rays  in  the 
successive  years  of  growth  (see  Fig.  149),  amongst  the  vascular 
tissue. 

The  cells  of  the  medullary  rays  are  typically  parenchymatous, 
somewhat  brick-shaped,  with  their  long  axes  along  radii  from  the 
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centre  to  the  periphery  of  the  member  (Fig.  149)  ;  their  more  or 
less  thickened  walls  are  lignified  (p.  132),  and  they  have  proto- 
plasmic contents.  Occasionally,  however,  some  of  the  cells  of  a 
ray  lose  their  protoplasmic  contents  and  constitate  tracheids  (e.g. 
AbietinesB,  Fig.  149  q  q)  ;  in  some  few  cases  the  ray  consists  of 
long  fibrous  cells,  in  place  of  parenchyma  (e.g.  shrubby  Begonias). 

The  medullary  ray  is,  then,  a  strand  of  cells  passing  radially 
among  the  longitudinally  arranged  tissues  of  the  wood  and  of  the 
bast  (Fig.  149).  Its  size  yaries,  even  in  the  same  member,  both 
as  regards  its  vertical  (height)  and  its  lateral  (breadth)  dimen- 
sions. With  regard  to  the  former,  the  ray  may  consist  of  only  a 
single  row  of  cells  (as  in  AbietinesB,  Quercus,  Fagus) ;  the  limits 
may  be  generally  stated  at  1-12  rows  of  cells,  though  in  some 
cases  they  are  considerably  larger  than  this  when  they  include 
resin-ducts  {e.g.  Abietineae)  or  other  forms  of  secretory  tissue.  In 
any  case,  the  secondary  medullary 
rays,  unlike  the  primary,  do  not  ex- 
tend throughout  the  whole  length  of 
an  intemode.  The  breadth  of  the 
secondary  medullary  rays  is  never 
nearly  so  great  as  their  height:  as 
seen  in  tangential  longitudinal  sec^ 
tion,  they  are  narrow  above  and  below 
and  broader  in  the  middle ;  it  is  only 
in  the  middle  that  they  ever  consist 
of  more  than  one  row  of  cells  in 
breadth,  the  upper  and  lower  margins 
consisting  of  a  single  row  only.  With 
regard  to  their  radial  extent,  it  is  only  the  primary  medullary 
rays  which  extend  from  pith  to  pericycle ;  the  subsequently  formed 
rays  (secondary,  tertiary,  etc.)  extend  between  the  wood  and  the 
bast  of  the  year  in  which  they  were  formed. 

As  instances  of  especially  large  secondary  medullary  rays  shouhl 
be  mentioned  those  formed  in  roots  (see  Fig.  146,  p.  194)  where  the 
cambium  forms  only  conjunctive  tissue  opposite  the  primary 
xylem-bundles. 

In  some  few  stems  the  formation  of  secondary  conjunctive  tissue 
is  especially  connected  with  the  primary  medullary  rays  (e.g. 
Cncurbitaceee,  Menispermacese,  woody  Piperacese,  Aristolochia, 
Casnarina,  Atragene,  Begonia,  Berberis,  etc.,  see  p.  193).  In  these 
plants  the  formation  of  secondary  vascular  tissue  is  confined  to  the 


Fio.  16S. — Diftgrammatio  repre- 
sentation of  the  coarse  of  the 
mednllarj  rajs  in  a  segment  cnt 
out  of  the  wood  of  a  tree-imnk. 
Q  Horizontal  surface;  R  Radial 
surflAoe;  T  Tangential  (external) 
surface  of  the  wood;  the  shaded 
portions  m  are  the  medullary  rays. 
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fascicular  cambiam,  the  interfascicular  oambinm  in  the  primarj' 
medallaiy  rays  giving  rise  only  to  conjanctive  tissae;  thus  the 
primary  medullary  rays  persist  as  broad  bands  of  conjunctive 
tissue  between  the  bundles,  and  are  not  broken  np,  as  is  usually 
the  ease,  by  the  formation  of  secondary  bundles  by  the  interfasci- 
cular cambium. 

A  certain  amount  of  secondary  growth,  independently  of  the  cambiam,  takes 
place  in  some  cases  in  the  outer  portion,  external  to  the  cambiam,  of  the  primary 
medullary  rays  of  stems  growing  in  circumference.  In  all  cases  the  effect  of 
growth  in  circumference  is  to  tend  to  stretch  the  cells  in  a  tangential  direction. 
In  the  cases  under  consideration  (eg.  Tilia,  Fig.  149,  p.  198)  the  cells  of  the  outer 
portion  of  the  primary  medallary  rays  yield  to  this  tension  more  than  the  rest 
of  the  tissue,  and  also  undergo  radiat  division,  thus  tUe  bast-portions  of  the 
bundles  come  to  be  separated  by  considerable  areas  of  conjanctive  tissae. 

The  Differentiation  of  the  Secondary  Tissues, — The  cells,  formed 
as  the  result  of  division  in  the  cambium,  which  are  to  become 
transformed  into  secondary  permanent  tissue  are  (apart  from  the 
primary  medullary  rays)  collectively  termed  secondary  desmogen 
(see  Fig.  145).  They  have,  to  begin  with,  the  same  form  and 
structure  as  the  corresponding  cambium-cells  (see  p.  181),  but  they 
gradually  undergo  changes  in  both  respects,  as  they  become  trans- 
fonned  into  permanent  tissue. 

The  development  of  the  desmogen.cell  into  one  or  other  of  the 
various  forms  of  permanent  tissue,  already  described,  may  be 
either  accompanied  or  unaccompanied  by  cell-division.  In  the 
former  case,  the  divisions  may  be  transverse  or  longitudinal ;  the 
desmogen-cell  undergoes  transverse  division  when  the  product  is 
a  row  of  short  cells  (e.g.  wood- parenchyma.  Fig.  153  D,  and  Fig. 
148  C;  bast-parenchyma;  secondary  medullary  rays;  wood- 
vessels  with  short  segments)  :  the  desmogen-cell  generally  under- 
goes longitudinal  division  once  or  twice,  by  tangential  walls,  soon 
after  it  has  been  cut  off  from  the  cambium  (Fig.  145) ;  but  this 
does  not  take  place  in  the  line  of  the  medullary  rays,  where  the 
radial  diameter  of  the  young  cells  is  greater  than  it  is  near  the 
bast  or  the  wood  ;  again,  the  desmogen-cells  may  undergo  longitu- 
dinal division  in  a  plane  other  than  the  tangential,  as  for  instance 
the  longitudinal  division  of  the  mother-cell,  which  separates  the 
sieve-tube-segment  from  the  companion-cell  in  the  bast  of  Angio- 
sperms. 

The  product  of  a  desmogen-cell  may  have  much  the  same  form 
and  size  as  the  desmogen-cell  (e.g.  small  medallary  rays  ;  rows  of 
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parenchj ma-cells,  bast  or  wood ;  thin-walled  fibrous  cells)  :  bnt 
more  commonly  the  product  differs  very  materially  from  the 
desmogen-cell,  being  very  much  wider  (e.g,  tracheae),  or  very  much 
longer  longitudinally  (wood-  and  bast-fibres),  or  very  much  longer 
radially  (e.g.  cells  of  medullary  ray)  ;  that  is  to  say,  the  develop- 
ment of  the  desmogen-cell  into  permanent  tissue  is  generally 
accompanied  by  very  considerable  growth. 

Tho  radial  and  tangential  divisions  of 
the  cambium-cells  and  of  the  desmogen- 
cells  take  place  in  such  a  manner  that  the 
products  are,  at  first,  arranged  in  very 
definite  radial  rows  (Fig.  145).  When 
the  resulting  tissue  consists  of  elements 
which  are  for  the  most  part  essentially 
alike,  this  regular  radial  arrangement  per- 
sists in  the  permanent  tissue  ;.for  instance, 
in  the  wood  of  Conifers  (Fig.  150),  which 
consists  almost  exclusively  of  tracheids; 
but  where  some  of  the  elements  (as  gener- 
ally in  the  wood  of  Dicotyledons)  attain  a 
much  greater  size  (as  seen  in  transverse 
section,  Fig.  139),  the  original  radial  ar- 
i-angement  is  lost. 

In  those  cases  in  which  the  permanent 
tissues  consist  of  very  long  or  very  wide 
fibres  or  vessels,  it  is  evident  that  the 
i-elative  position  of  the  original  desraogen- 
crelis  must  have  undergone  considerable 
change  in  the  course  of  development ;  the 
long  fibre  is  in  contact,  longitudinally, 
with  a  greater  number  of  cells  than  was 
the  original  desmogen-cell ;  and  similarly, 
the  wide  trachea  touches,  at  its  cii^cum- 
ference,  a  larger  number  of  cells  than  did 
the  desmogen-cell,  originally,  from  which 
the  segment  of  the  vessel  was  developed. 
This  gi-adnal  change  of  relative  position 
constitutes  what  is  termed  sliding  -  growth  \  it  is  the  expression  of 
the  independent  growth  of  each  desmogen-cell,  in  the  course  of  its 
development  into  the  particular  element  of  the  permanent  tissue 
which  it  is  destined  to  form.     This  process  is  by  no  means  confined 


Fig.  153.— A  Deemogen-cells 
seen  in  tangential  section.  B 
Tracheid  seen  from  outride. 
C  woody -fibre ;  and  D  vertical 
row  of  wood  •  parenchymo- 
cells  seen  in  section,  from  the 
Oak ;  isolated  by  maceration. 
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to  the  ya43ca]ar  tissues,  bnt  takes  place  wherever  a  young  develop- 
ing cell  grows  more  actively,  in  any  dimension,  than  the  cells  with 
which  it  is  at  first  in  contact ;  a  notable  example  is  the  growth  of 
the  laticiferous  coenocytes  of  Euphorbia  (see  p.  141). 

Whilst  undergoing  these  changes  of  form,  the  desmogen-cells 
undergo,  as  already  indicated,  changes  in  the  structure  and 
chemical  composition  of  their  cell-walls  in  accordance  with  the 
particular  kind  of  tissue  to  which  they  are  to  give  rise;  and,  in 
some  cases  (trachead,  tracheids,  fibres)  they  lose  their  protoplas- 
mic cell-contents ;  the  walls  become  more  or  less  thickened  (spiral, 
annular,  reticulate,  in  primary  wood)  and  pitted  (with  simple 
pits ;  or  circular  bordered  pits ;  or  oval  bordered  pits,  either  small 
and  numerous,  or  large  extending  across  a  whole  face  of  the  wall, 
giving  it  a  scalariform  appearance,  see  p.  104) ;  and  then  the 
absorption,  more  or  less  complete,  of  the  septa  takes  place,  which 
leads  to  the  formation  of  the  vessels. 

Glandular  tissue  is  frequently  developed  in  the  secondary  wood  and  bast,  in 
the  form,  sometimes,  of  sacs  containing  crystals,  in  the  parenchyma  (including 
medullary  rays)  of  the  wood  {e,g.  Vitis,  and  some  leguminous  trees)  or  more 
commonly  in  that  of  the  bast :  of  resin-dncts  which  occur  in  the  secondary  wood 
of  certain  Abietines,  running  horizontally  in  the  medullary  rays  and  Tertioally 
in  the  wood,  bnt  rarely  found  in  the  secondary  bast,  whereas  in  other  plants 
which  possess  these  structures,  they  are  rare  in  the  wood  but  abundant  in  the 
bast  (e.g,  Anacardiaceas,  etc.) :  of  laticiferous  vessels,  rare  in  the  wood  (except 
the  Papayaceffi,  where  the  wood  consists  largely  of  parenchyma),  abundant  in 
the  bast. 

The  foregoing  is  an  account  of  the  development  of  secondary  vascular  and 
conjunctive  tissue,  as  it  takes  place  in  the  great  majority  of  Gymnosperms  and 
Dicotyledons :  but  this  is  bj  no  means  the  only  mode  in  which  this  develop- 
ment takes  place.  The  following  are  the  more  remarkable  deviations  from  the 
mode  already  described : — 

1.  There  is  a  normal  cambium-ring,  but  an  additional  layer  of  meristem  is 
formed  from  pith-cells  on  the  inner  side  of  the  ring  of  vascular  bundles,  produc- 
ing secondary  wood  peripherally,  and  secondary  bast  centrally ;  stem  of  Tecoma 
(Bignonia)  radieant,  and  of  species  of  Acanthus  and  Campanula,  some  Apo- 
oyuaceffi  (Apocyrmm  cannahinum),  Periploea  graca^  Acantholinwn  glumaeeum. 

2.  There  are  several  distinct  cambium-rings,  each  producing  a  solid  cylinder 
of  wood  and  bast :  stems  of  climbing  SapindacesB  (e.g.  Serjania,  Paullinia).  The 
cause  of  this  peculiar  structure  is  that  the  primary  bundles  are  arranged,  not  in 
a  simple  ring,  but  irregularly,  at  veiy  different  distances  from  the  surface ; 
hence,  when  the  interfascicular  cambium  is  developed,  it  does  not  connect  all 
the  bundles  together,  but  separate  groups  of  them,  generally  a  larger  central 
group  and  several  smaller  peripheral  groups,  each  with  its  own  distinct  cambium- 
ring. 

8.  The  normal  cambium-layer  has  only  a  limited  period  of  activity ;   the 
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sabseqnent  growth  in  thickness  is  effected  by  snceessive  seoondary  cambium- 
rings  developiog'  rings  of  secondary  yascnlar  bandies ;  these  seoondary  cam- 
biam-rings  may  be  developed:— (a)  in  the  pericycle ;  stem  of  Ghenopodiacese, 
Amarantaceffi,  Phytolacca,  Nyctaginacesd,  and  of  some  Gnetums,  Gyoas,  and 
Encephalartos  among  Gymnosperras :  [b)  in  the  primary  cortex ;  stems  of 
some  Menispermaceas  (e.g*.  Cocculns  laurifolitUj  Citsampelot  Pareira) :  (c)  in 
the  secondary  bast ;  stem  of  Glycine  (Wistaria) :  {d)  in  the  secondary  wood ; 
twining  stems  of  Bauhinia,  and  some  Biguoniacea  and  Malpighiacese :  {e)  in 
the  secondary  cortex  (phelloderm),  derived  from  the  pericycle ;  root  of  Gheno- 
podiacesB,  Amarantacese,  Nyctaginacee.  In  some  cases,  however  {e.g.  roots  of 
many  Gonvolvolacese),  secondary  cambium -layers  are  formed  in  the  secondary 
cortex  (phelloderm),  whilst  the  primary  cambium-layer  still  remains  active. 

4.  The  cambiam-lajer  is  normal,  but  it  does  not  produce  equal  amounts  of 
wood,  or  of  bast,  or  of  both  wood  and  bast,  at  all  points  of  its  circumference, 
as  is  normally  the  case,  with  the  result  that  the  cambium -layer  is  not  a  circle 
in  transverse  section,  but  is  very  irregular  and  undulated  in  form,  the  wood 
and  the  bast  dovetailing  into  one  another,  as  it  were,  by  their  respective 
projecting  thicker  portions,  (a)  The  development  of  bast  is  uniform,  that  of 
the  wood  uneven;  stems  of  various  species  of  Gissus,  Piper,  Bauhinia 
{Caulotretus  heterophylltu) ;  root  of  Ononis  spinosa ;  (b)  the  development  of 
neither  wood  nor  bast  is  uniform,  but  at  the  points  at  which  the  development  of 
the  bast  is  less  active,  that  of  the  wood  is  more  active ;  twining  stems  of  many 
Bignoniaces  (Bignonia,  Galliohlamys),  of  Phytocrene  (OlacinesB),  and  of  some 
MalpighiaoesB  (Banisteria,  Tetrapterys),  ApooynaoeaB  (Gondylocarpon,  Echites). 

An  interesting  modification  of  this  peculiar  mode  of  development  occurs  in 
the  stem  of  species  of  Stryohnos ;  at  certain  regions  the  cambium-layer  pro- 
duces thick  masses  of  secondary  bast  which  project  into  the  wood ;  after  a 
time  the  cambium  of  these  regions  ceases  to  act,  whilst  a  new  segment  of 
secondary  cambium  is  formed  in  the  pericycle  across  the  projecting  masses  of 
bast  at  the  level  of  the  rest  of  the  cambium-layer;  thus  the  cambium-ring  is 
reconstructed,  forming  wood  centrally  and  bast  peripherally,  with  the  result 
that  the  masses  of  bast  mentioned  above  become  covered  peripherally  by 
a  layer  of  wood,  constituting  in  fact  isolated  groups  of  bast,  termed  Phloem- 
UlandSt  surrounded  by  wood, 

5.  There  is  no  primary  cambium-layer,  the  bundles  being  all  closed ;  second- 
ary  growth  in  thickness  is  efiFected  by  a  ring  of  meristem  quite  external  to 
the  primary  bundles ;  this  occurs  in  the  stems  and  roots  of  Monocotyledons 
(arborescent  Liliacese.such  as  Yucca  and  Dracaena ;  and  some  shrubby  Iridacea, 
such  as  Aristea) ;  the  ring  of  meiistem  is  usually  developed  in  the  pericycle, 
but  in  the  roots  of  Dracssna  it  is  formed  partly  from  ihe  pericycle  and  partly 
from  the  cortex.  This  meristem-ring  is  not  termed  a  cambium-ring,  because 
it  does  not  form  wood  on  one  side,  and  bast  on  the  other,  but  it  forms,  centri- 
fugally,  entire  closed  concentric  (with  external  wood)  bundles,  together  with 
intervening  fundamental  tissue. 

6.  There  is  no  proper  cambium- laj^er,  but  the  primary  bundles  are  invested 
by  a  pericyclic  meristem-ring,  which  gives  rise  externally  to  a  considerable 
amount  of  parenchymatous  secondary  cortex,  and  internally  to  a  small  amount 
of  yascular  tissue :  stem  of  Isoetes. 
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The  development  of  secondary  vascalar  tissue  takes  place  al- 
most exclasively  in  such  stems  as  are  monostelic  and  in  which  the 
primary  bandies  are  common.  It  is  clear  that  the  additions  to  the 
primary  bundles  in  the  older  intercedes  of  the  stem,  as  well  as  any 
secondary  bandies  which  may  have  been  formed  from  the  cambiam, 
are  not  common,  but  caaline ;  they  are,  however,  in  communication 
with  the  primary  common  bandies  of  the  young  nnthickened  int«r- 
nodes  which  are  bearing  leaves;  in  fact,  the  newly- formed  secondary 

vascalar  tissue  of  the  lower 
internodes  of  the  stem  is 
in  communication,  on  the 
one  hand  with  the  root, 
and,  on  the  other  with  the 
leaves ;  and  the  channels 
of  communication  between 
root  and  leaf  are  main- 
tained year  by  year  by 
the  annual  formation  of 
young  conducting-tissue, 
both  wood  and  bast,  iu 
the  older  parts  of  the 
stem  and  of  the  root. 

It    will     be    remarked 

that  the   development   of 

secondary  vascalar  tissue 

takes  place  in  those  plants 

the  stems  of  which  branch 

more  or  less  (e.g.fm  Oak), 

while  it  usually  docs  not 

take  place  in  those  plants 

the  stems  of  which  do  not 

branch  (e.g.  tho  Palm),  or 

do    so   only   slightly.     It 

is  obvious  that,  when  the 

stem  is  of  branching  habit, 

tho  number  of  leaves  must 

increase  year  by  year,  whereas  when  the  stem  does  not  branch 

the  number  of  leaves  does  not  vary  materially.     Hence  the  whole 

matter   may   be    summed    up    thus,    that     the  development   of 

secondary  vascular  tissue  in  a  stem  is  directly  correlated  with 

an  increase  in  the  area  of  leaf-surface:  as  in  each  year  the  leaf- 


Fio.  161— Portion  of  a  tranftyerse  McUon  of  the 
stem  of  a  Dracana :  «  epidermis  ;  k  periderm ;  r 
primary  cortex,  with  a  leaf-traoe-bundle  ^  ;  x 
merismatic  Bone  in  which  new  bundles  g-g  are  in 
coarse  oi  development;  m  primary,  and  «t  second- 
ary, Ihndamental  tissae.    (Ma>?uified:  after  8acbs.) 
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anrfaco  of  a  tree  increases  in  consequence  of  repeated  branching, 
so  does  the  annual  ring  of  secondary  vascular  tissoe  become  larger 
in  circumference  and  possibly  also  of  greater  thickness ;  when, 
however,  the  tree  begins  to  grow  old,  and  its  branches,  instead  of 
increasing  in  number,  begin  to  die  o£E,  then  the  annual  growth  in 
thickness  becomes  arrested.  Some  further  explanation  of  this  is 
given  in  Part  IV,  (p.  683). 

!<-  B.  The  formation  of  Secondary  Extra-stelar  Tissue.  It  is  clear 
that  the  more  or  less  considerable  development  of  secondary  stelar 
tissue  in  the  interior  of  a  young  stem  or  root,  must  have  a  very 
considerable  effect  on  the  primary  eztra-stelar  ground-tissue  (cor- 
tex), and  on  the  primary  tegumentary  tissue.  This  effect  will  be 
one  ('f  pressure  and  tension ;  the  radial  growth  of  the  stelar  tissue 
will  exert  a  radial  pressure  upon  the  external  tissues,  while  the  tan- 
gential growth  of  the  stelar  tissue  will  exert  a  tangential  tension 
on  the  external  tissues  (see  p.  202).  The  radial  pressure  of  so  firm 
a  structure  as  is  usually  that  of  the  secondary  vascular  tissue  tends 
to  cause  more  or  less  rapid  obliteration  of  the  softer  cortical  tissue  ; 
whilst  the  tangential  tension  stretches  the  cortical  cells  and  tendn 
to  cause  them  to  gi*ow  tangential ly,  and  to  multiply  by  radial 
division.  According  to  the  predominance  of  the  radial  pressure 
or  of  the  tangential  tension,  the  primary  cortex  is  either  rapidly 
destroyed,  or  it  persists  for  a  very  considerable  period. 

It  should,  however,  be  pointed  out  that  the  development  of 
secondary  extra-stelar  tissue  does  sometimes  occur  in  members  in 
which  no  development  of  secondary  stelar  tissue  takes  place,  as  in 
the  roots  of  some  Pteridophy  ta  (Marattiaceae,  some  Ophioglossaceos), 
and  of  some  Monocotyledons  (aerial  roots  of  Philodendron,  etc.; 
teirestrial  roots  of  Iris,  etc.). 

It  may  be  stated  generally  that  the  epidermis  and  the  primary 
cortical  tissue  of  herbaceous  dicotyledonous  stems  keep  pace  by 
growth  with  the  formation  of  new  stelar  tissue  in  the  interior. 
This  is  true  also  of  most  woody  shoots  during  the  first  year  of 
their  growth  and  in  certain  cases  (e.g.  Mistletoe,  Holly,  Acer 
striatum,  etc.),  of  woody  shoots  during  their  entire  existence ;  in 
some  cases  (e.g.  Euouymus)  the  epidermis  persists  and  grows  foi* 
several  years,  but  is  at  length  disorganised.  These  primary  tissues 
persist  also  in  some  roots  (e.g.  Vicia  Faha,  Alchemilla  vulgaris^ 
OaiUardia  aristaia)  in  which  the  development  of  secondary  vas- 
cular tissue  is  not  very  active.  The  extension  of  the  tissues  is 
effected  by  tangential  growth  and  radial  division  of  the  cells. 
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The  secondary  extra-stelar  tissue,  is  formed  by  a  layer  of  meris- 
matic  cells,  which  is  known  as  the  Phellogen, 

In  the  stem  the  place  of  origin  of  the  phellogen  is  by  no  means 
uniform.  It  may  be  stelar  or  extra-stelar:  it  is  sometimes  formed 
by  the  epidermis  becoming  merismatic  (e.g.  PomeaB,  Salix,  VibW' 
num  Laniana,  Jasminnm,  Neriwm  Oleander,  Aucuba,  Euonymus, 
Solanum,  etc.)  ;  most  commonly  it  is  the  hypodermal  layer  of 
cells,  the  outermost  layer  of  the  cortex,  which  becomes  merismatic 
and  constitotes  the  phellogen  (e.g.  Platanus,  Acer,  Fagns, 
Quercus,  Castanea,  Betula,  Alnus,  Ulmus,  Populns,  Ailanthus, 
Abies  pectinata,  etc.) ;  in  some  cases  (e.g.  Bohinia  Pseudar^acioy 
Gleditschia  triacanthos,  Cytisus  Laburnum)^  it  is  the  second  or  third 
layer  of  the  cortical  parenchyma,  reckoned  inwards  from  the 
epidermis,  which  becomes  the  phellogen :  in  other  cases  the 
phellogen  is  formed  at  a  greater  depth  from  the  surface,  being 
developed  from  a  more  internal  layer  of  cells  of  the  cortex, 
sometimes  even  from  the  endodermis  (e.g.  Coffea  arahica;  sub- 
terranean shoots  of  some  Legnminosro  Ruch  as  Lottis  comicidatusj 
Trifolium  alpestre) ;  or,  finally,  it  is  stelar,  being  formed  from  a 
layer  of  cells  belonging  to  the  peri  cycle  (e.g.  MyrtaceaB,  Onagracese, 
HypericaceflB,  EricaceiB,  most  Caryophyllaceoe,  LoniceresB,  Vitis, 
Clematis,  Berberis,  Eosa,  Spiraea,  Ribes,  etc.) 

The  development  of  tissue  from  the  phellogen  follows  tbe  same 
law  as  in  the  case  of  the  cambium  (see  p.  193).  Generally  speak- 
ing, a  tissue,  the  periderm,  is  formed  on  the  outer  side  ©f  the 
phellogen  by  repeated  centripotal  division  ;  whilst  on  the  inside 
of  the  phellogen  a  tissue,  the  phellodetiny  is  formed  by  repeated 
centrifugal  division.  The  periderm  constitutes  the  secondary 
tegumentary  tissue  of  the  stem  or  root ;  the  phelloderm  constitutes 
the  secondary  cortex.  The  developmental  relations  between  the 
two  tissues  are  not  constant.  In  some  cases  the  formation  of 
phelloderm  only  begins  after  a  considerable  mass  of  periderm  has 
already  been  produced;  but  in  others,  the  formation  of  the  two 
tissues  goes  on  almost  simultaneously.  The  relation  between  the 
amount  of  periderm  and  the  amount  of  phelloderm  formed  by  one 
and  the  same  phellogen  is  by  no  means  constant,  and  may  be  gener- 
ally stated  thus  : — the  more  superficial  the  phellogen,  the  greater 
the  relative  amount  of  periderm ;  and  further,  a  larger  propor- 
tion of  phelloderm  is  formed  in  subterranean  than  in  subaerial 
stems.  Hence  whilst  the  development  of  periderm  is  most  marked 
in  subaerial  stems  with  superficial  phellogen,  there  is  little  or  no 
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phelloderm  in  these  stems;  again,  in  sabaerial  sfcems  with  a  deeply- 
placed  {e.g,  pericyclic)  phellogen,  periderm  and  phelloderm  are 
developed  about  eqnally ;  finally,  in  subterranean  stems  with  a 
pericyclic  phellogen,  the  well-developed  phelloderm  may  exceed 
the  periderm. 

In  the  rooty  as  in  the  stem,  the  position  of  the  phellogen,  and  the 
products  of  its  activity,  are  vai*iou8. 

The  phellogen  is  developed  but  rarely  (e.g.  Solidago)  from  the 
epiblema;  more  commonly  from  the  exodermis,  or  from  the  next 
internal  layer  of  the  primary  cortex,  as  in  those  PteridophytA 
(Marattiaceae,  Ophioglossacese)  and  Monocotyledons  (aerial  roots  of 
Philodendron,  Monstera,  Imantophyllum,  etc. ;  terrestrial  roots  of 
Iris,  Agave,  Asphodelus)  in  which  any  formation  of  periderm  takes 
place ;  as  also  in  a  few  woody  Dicotyledons  (e.g.  Artanthe,  Clusia, 
Ruyschia,  Jasminum)  in  which  the  formation  of  secondary  vas- 
cular tissue  takes  place  relatively  late ;  and  in  the  Cycads  among 
Gymnosperms.  In  the  great  majority  of  Dicotyledons  and  Gym- 
nosperms  the  phellogen  of  the  root  is  stelar  in  origin,  being 
derived  from  the  pericycle. 

As  in  the  stem,  so  in  the  root,  the  phelloderm  is  more  highly 
developed  when  the  phellogen  is  deeply  placed  than  when  it  is 
superficial ;  but  even  with  a  uniform  position  of  the  phellogen,  the 
relation  between  the  periderm  and  the  phelloderm  developed, 
varies  considerably ;  thus,  among  plants  with  a  pericyclic  phello- 
gen, whilst  the  development  of  periderm  and  phelloderm  is 
sometimes  about  equal  (e.g.  Willow),  no  phelloderm,  but  only 
periderm  is  developed  in  Nerium,  whilst  in  some  others  (e.g, 
Vicia  Faha,  Alchemilla  vuk^aris,  Qaillardia  aristatu),  where 
the  primary  cortex  persists  (see  p.  207),  only  phelloderm  is  de- 
veloped. 

It  frequently  happens  in  both  stems  and  roots  that  the  first- 
formed  primary  phellogen  has  but  a  limited  period  of  merismatic 
activity;  this  is  always  the  case  when  the  primary  phellogen  is  of 
deep  origin  (pericyclic  in  roots),  whereas  when  it  is  of  superficial 
orig^  (e.g.  epidermal  or  hypodermal  phellogen  in  stem  of  Beech, 
Hornbeam,  Silver  Fir,  Cork- Oak,  Cork-Elm),  the  primary  phel- 
logen is  frequently  persistent.  In  the  former  case,  however,  when 
the  primary  phellogen  has  passed  over  into  some  form  of  perma- 
nent tissue,  a  new  secofidary  phellogen,  also  of  limited  duration,  is 
developed  internally  to  the  first,  and  this  process  is  repeated  at 
intervals;  hence  the  phellog^n-layers  become  successively  moie 
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and  more  deeply  seated,  penetrating  at  length  into  the  bast-tissne 
of  the  stele. 

The  periderm,  or  secondary  tegamentary  tissue,  the  tissue  formed 
externally  from  the  phellogen,  consists  of  parenchymatous  cells 
more  or  less  cubical  in  form,  though  sometimes  somewhat  elongated 
tangentially  (Fig.  155);  the  cell-walls  may  be  thin  or  considerably 
thickened  ;  generally  speaking,  the  walls  are  completely  suberised 
(see  p.  106),  whence  the  tissue  is  often  termed  Cork;  the  cells 
gradually  lose  their  protoplasmic  contents,  and  become  filled  with 
air  ;  moreover,  no  intercellular  spaces  are  formed  in  the  tissue. 
In  view  of  its  structure,  it  is  clear  that  the  periderm  is  a  tissue 

which  offers  an 
obstacle  to  the 
passage  of  water; 
hence  all  the  tis- 
sues, in  a  stem  or 
root,  lying  extern- 
ally to  the  peri- 
derm can  receive 
no  supplies  of 
water,  and  must 
dry  up,  and  are 
eventually  exfoli- 
ated. The  more 
deeply  seated  the 
phellogen,  the 
greater  is  the 
amount  of  primary 
tissue  thrown  off; 
thus,  when  the 
phellogen  arises  in 
the  inner  layers  of 
a  heterogenous  pericycle  (see  p.  167),  as  in  Berberis,  Lonicera, 
etc.,  where  the  outer  portion  of  the  pericycle  is  fibrous,  the  epi- 
dermis, the  primary  cortex,  and  the  outer  portion  of  the  pericycle 
are  exfoliated. 

The  colls  of  the  periderm  are  not  always  completely  suberised. 
In  some  cases  (roots  and  stems  of  OnagracesB,  Hypericaccae,  some 
Rosacesd,  etc.)  some  of  layers  of  the  periderm  consist  of  cells  with  a 
suberised  zone  like  that  of  the  cells  of  the  endodermis  (see  p.  166), 
though  these  cells  usually  become  completely  suberised  eventually. 


Pie.  166.— Periderm  of  one-year's  shoot  of  ^iilonthitt 
gUuiidulo$a  (trans,  sect. ;  x  350) :  $  the  dead  epidermis ;  k  cork; 
the  inner  shaded  layers  are  merisnmtic,  the  innermost  being 
the  phellogen,  those  external  to  it  being  yoang  periderm 
cells ;  r  primary  cortex. 
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In  other  cases  (e.g,  stem  of  Poteriam,  Alchemilla,  Agrimonia, 
Epilobinm)  the  periderm  consists  mainly  of  cells  with  cellolose- 
walls,  between  which  intercellular  spaces  are  formed,  together 
with  occasional  compact  layers  of  cells  with  a  saberised  zone. 

It  shoold  not  be  overlooked  that  the  regeneration  of  the  root-cap  is  a  case 
of  development  of  secondary  legumentary  tissue,  though  of  a  different  type, 
inasmnoh  as  it  is  effected  by  the  primary  meristem  of  the  growing-point  of  the 
root  instead  of  from  a  layer  of  secondary  meristem  as  is  the  case  with  the  peri- 
derm. As  the  root  elongates  and  makes  its  way  throagh  the  soil,  the  primary 
root-cap  becomes  worn  away  at  the  surface,  but  this  is  compensated  by  the 
development  of  new  tissue  internally  (see  p.  lo8).  In  some  aquatic  plants  (e.g, 
Lt-mna,  Hydrocharis,  Pistia,  etc.)f  in  which  the  root  does  not  penetrate  the 
soil,  the  primary  root-cap  persists.  In  the  case  of  roots  having  limited  growth 
in  length  (e.g.  AzoUa,  Hydrocharis,  tuberous  roots  of  Orchis  and  of  Ranuncultu 
Ficaria),  the  root-cap  is  altogether  thrown  off  when  the  growth  in  length  of  the 
root  eomes  to  an  end. 

When  the  primary  periderm  is  of  saperficial  origin,  it  forms  for 
many  successive  years  the  external  investment  of  the  branch ;  it 
may  attain  considei^able  thickness,  as  in  the  Cork-Oak,  and  at  the 
same  time  exhibit  an  alternation  of  dense  and  loose  layers  (e.g.  the 
Birch,  in  which  the  layers  may  be  peeled  off  in  thin  white  sheets); 
sometimes  (as  in  Acer  campestre  and  the  Cork-Elm)  it  forms  wing- 
like projections  from  the  angles  of  the  branches.  In  a  few  trees, 
as  the  Silver  Fir,  the  primary  periderm  persists  for  some  years, 
or,  as  in  the  Beech,  during  the  whole  life  of  the  tree ;  the  outer 
cork-cells  split  off  as  the  trank  of  the  tree  increases  in  thickness, 
while  the  phellogen,  growing  and  extending  in  a  tangential 
direction,  gives  rise  to  new  layers  of  cork.  When,  as  in  most  cases, 
new  layers  of  phellogen  arise  after  a  few  years  in  the  deeper 
tissnes,  leading  to  the  development  of  corresponding  layers  of 
pei-iderm,  an  external  investment  of  a  more  or  less  complicated 
stimcture  comes  to  be  formed.  In  consequence  of  the  imperme- 
ability to  water  of  these  secondary  layers  of  periderm,  all  the 
tissues  lying  externally  to  them  become  dried  up.  These  dried-^ 
up  tissues,  which  may  belong  to  different  tissue-systems  and 
include  the  most  various  foi-ms  of  cells,  constitute  what  is  known 
as  Bark,  When  the  primary  periderm  is  superficial,  the  new 
secondary  layers  of  periderm  are  only  arcs  of  the  circumference, 
and  as  their  margins  are  in  contact  with  the  periderm  which 
has  been  previously  formed  (Fig.  156),  a  scaly  bark  is  formed, 
that   is,   isolated   patchen   of  tissue  are  transformed   into   bark. 
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This   bark  is   stretched  and   torn  by  the  increasing  size   of  the 
trunk,  and  the  scales  of  it  may  be  shed,  as  is  the  case  in  the 

Plane,  or  they  may 
adhere  one  upon  the 
other,  as  in  the  Pines 
and  Larches,  or  remain 
connected  by  the  bast- 
fibres  in  long  strips,  as 
in  Robinia.  When,  on 
the  other  hand,  the 
primary  periderm  has 
been  formed  in  the 
deeper  layere  of  the 
cortex,  the  secondary 
periderm  often  forms 
complete  concentric 
rings ;  thus  hollow  cy- 
linders of  the  cortex 
&re  ti"ansformed  into 
bark  (ringed  bark). 
The  longitudinal  rup- 
ture of  this  kind  of 
birk  is  effected  by  the  bast-fibres  enclosed  in  it  (e.g.  Vine,  Clematis, 
and  Thuja). 

There  are  frequently  in  the  periderm  of  both  stems  and  roots, 
organs  corresponding  to  the  stomata  of  the  epidermis,  serving, 
like  them,  to  admit  air  to 

the  living  internal  tissues ;  7 

these  are  the  LeniiceU. 
They  are  usually  circum- 
scribed circular  areas  of 
the  periderm  where  the 
cork- cells  formed  in  the 
course  of  the  summer  are 
not  arranged  closely  to- 
gether, but  are  separated 
by  intercellular  spaces. 
In  winter  the  lenticels  ai'e 
closed  by  ordinary  peri- 
derm. They  are  most  easily  detected  in  branches  of  one  year' 
growth,  where  they  are  to  be  seen  in  the  summer  in  the  form  of 


Fie.  168.— Formation  of  Bark  in  a  Larch,  as  seen  iu  a 
piece  of  the  outer  portion  of  the  stem  cut  both  trans- 
versely and  longitudinally  (oat.  sixe):  r  the  secondary 
cortex ;  fc  plates  of  cork ;  b  the  scales  of  bark  cot  off  by 
the  eork. 


Fici.  167.— Lenticel  in  the  tninsverBe  section  of  a 
twig  of  Elder (x 300):  »  epidermis;  9  phelloRen;  ( 
c^lls,  snd  pi  the  phellogen  of  the  lenticel;  Ic  cortical 
parenchyma  containing  ohlorophylL 
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brownish  or  whitish  specks.  When  the  periderm  of  the  stem  is 
superficial,  the  lenticels  are  developed  under  the  places  where 
the  stomata  occur  in  the  epidermis,  and  these  spots  are  commonly 
the  starting-points  of  the  formation  of  the  periderm ;  but  this  is 
not  the  case  in  stems  with  a  deep  periderm,  nor  is  it  ever  the 
case  in  ix)ot6.  In  many  trees,  as  the  Birch,  the  lenticels  become 
much  extended  in  width  by  the  growth  of  the  branch  in  circum- 
ference. When  the  periderm  is  very  thick,  as  in  the  Cork-Oak, 
the  lenticels  form  deep  canals  filled  with  a  pulverulent  mass  of 
cells.  Sometimes  lenticels  are  not  formed ;  they  are  not  present 
in  the  stems  of  some  plants  which  have  a  pericyclic  phellogen 
{e.g.  Vitis,  Clematis,  Rubus,  Lonicera). 

The  phelloderm  or  secondary  cortical  tissue,  the  tissue  formed 
internally  from  the  phellogen,  consists  of  cells  which  have 
essentially  the  same  structure  as  those  of  the  primary  cortex  :  the 
secondary  cortex  can,  however,  be  distinguished  from  the  primary 
by  the  regular  radial  rows  in  which,  like  those  of  the  periderm, 
its  cells  are  arranged.  The  cells  have  protoplasmic  cell-contents, 
and,  when  developed  near  the  surface  of  aerial  stems,  they  con- 
tain chloroplastids :  their  walls  are  usually  thin  and  consist  of 
cellulose,  but,  like  those  of  the  cells  of  the  primary  cortex,  they 
may  become  more  or  less  thickened  and  eventually  lignified. 

Jast  as  the  periderm  replaces  the  disorganised  epidermis  as  a 
tegumentary  tissue,  so  the  phelloderm  i^eplaces  the  primary 
cortex  as  a  nutritive  (metabolic)  tissue  when  the  primary  cortex 
becomes  obliterated  under  the  conditions  explained  on  p.  207. 

It  may  be  noted  that,  in  the  stem  of  Isoetes,  the  eecondary  cortex  is  developed 
on  the  outside  of  a  layer  of  meristem  which,  at  the  same  time,  forms  vascular 
tissue  internally  (p.  205) :  the  amount  of  the  former  very  greatly  exceeds  that 
of  the  latter. 

§  36.  Formation  of  Tissue  in  consequence  of  Injury. 
When  the  internal  tissues  of  most  paints  of  plants  are  laid  bare  by 
injury,  they  are  gradually  covered  by  a  formation  of  cork  taking 
place  in  the  outermost  layer  of  cells  which  remain  uninjured  and 
capable  of  growth.  This  is  easily  seen  in  injured  fruits,  leaves,  and 
herbaceous  stems,  in  which  the  wounds  that  have  been  covered  by 
a  layer  of  cork  are  distinguished  by  a  grey-brown  colour.  The 
process  is  very  easy  to  observe  in  potato-tubers,  for  each  portion 
of  living  tissue  taken  from  one,  if  only  prevented  from  drying  too 
quickly,  will  soon  be  covered  over  the  whole  surface  by  a  layer  of 
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[§36. 


cork  precisely  similar  in  structure  to  the  ordinary  rind.  In  plants 
in  which  the  wood  is  well  developed,  cork  is  not  immediately 
formed — particularly  when  the  cambium  is  wounded  or  laid  bare — 
but  all  the  living  cells  which  border  on  the  wound  become  meris- 
matic  and  give  rise  to  a  homogeneous  parenchymatons  tissue 
known  as  the  Callus.  If  the  wound  is  small,  the  callns-cells  pro- 
ceeding from  the  different  sides  soon  come  into  contact  and  close 
up  into  a  single  mass  of  tissue,  which  then  gives  rise  to  cork  on 
its  outer  surface,  and,  joining   the  old  cambium  at  the  margins, 

forms  a  new  layer  of  cam- 
bium which  fills  up  the 
cavity.  If  the  wound  is  a 
large  one,  cork  and  new 
cambium  are  formed  in  the 
"*  callus  at  the  margins  of  the 

wound,  and  it  is  not  wholly 
closed     till     after     repeated 
w  rupture  of   the   approaching 

cushions  of  callus.  The  wood 
exposed  by  the  wound,  which 
usaally  assumes  a  dark  colour 
under  the  influence  of  the 
air,  does  not  grow  with  that 
J  formed   from  the  new  cam- 

bium of  the  callus  ;  hence  in- 
scriptions, for  instance,  which 
are  cut  in  the  cortex  so  as  to 
reach  the  wood,  though  sub- 
sequently covered  by  a  num- 
ber of  annual  layers  of  wood 
corresponding  to  the  number 
of  years,  may  easily  be  found.  A  similar  explanation  accounts  for 
the  fact  that  the  surfaces  of  the  stumps  of  cut-off  branches  become 
overgrown ;  the  callus  fii'st  appears  as  a  ring  from  the  cambium 
exposed  in  the  tianverse  section,  and  afterwards  closes  like  a  cap 
over  the  old  wood.  Foreign  bodies — nails,  stones,  and  stems  of 
other  plants — may  thus  become  enclosed  in  the  wood  of  a  tree  and 
be  overgrown  by  it ;  the  cortex,  being  forced  against  the  foreign 
object  by  the  pressure  of  the  growing  wood,  splits,  and  the  callus 
formed  in  the  rent  grows  round  the  object,  enclosing  it  and  pro- 
ducing now  cambium. 


Fio.  158.— Dia^r^^mmattc  longitudinal  »eclion 
of  a  woody  stem ;  A  a  shoit  time  after  the 
ampntation  of  a  lateral  branch  »;  B  when  the 
wound  is  completely  closed ;  r  cortex ;  c  cam* 
bium ;  %  wood  ;  c'  position  of  the  cambium- 
layer  at  the  time  of  amputation ;  h'  wood  formed 
since  the  amputation ;  to  the  cushion  of  callus 
formed  over  the  surface  of  the  wound. 
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Stems  of  plants  of  the  same  species  will  grow  together  if  thej 
are  in  close  contact ;  the  call  as  formed  bj  the  cortex  of  both, 
coalesces  and  gives  rise  to  a  common  cambiam.  On  this  depend 
the  various  modes  of  artificial  grafting,  in  which  branches  or  bnds 
with  a  portion  of  the  cortex  are  taken  from  a  variety  or  an  allied 
species  and  placed  so  that  their  cambiam  is  in  contact  with  that 
of  a  stem  which  serves  as  the  stock,  and  sabsequentl j  they  grow 
together. 

In  conclusion,  the  mechanism  by  which  decidaoas  members  (see 
p.  22)  are  detached  has  to  be  considered :  the  fall  of  the  foliage- 
leaf  may  be  taken  as  the  illustration.  In  some  cases  {e.g.  Palms; 
some  Ferns,  as  in  the  section  Phegopteris,  p.  405 ;  the  Oak)  the 
leaves  simply  wither  on  the  stem,  when  they  are  non- articulated, 
and  are  gradually  destroyed  and  removed ;  but  in  most  cases  they 
are  thrown  off  by  a  vital  act  before  they  wither,  when  they  are 
articulated.  The  fall  of  the  articulated  leaf  depends  npon  the 
growth  and  division  of  all  the  living  cells  lying  in  a  transverse 
layer  near  its  insertion:  by  this  means  several  (3-6)  layers  of 
compact  tissue  are  formed.  A  median  layer  of  this  tissue  becomes 
disorganised,  and  then  the  leaf  is  held  in  position  only  by  the 
vascular  tissue  which  enters  it  from  the  stem.  This  soon  breaks 
under  the  weight  of  the  lamina,  especially  if  it  be  agitated  by  the 
wind,  and  the  leaf  falls.  The  disorganisation  of  the  median  layer 
is  often  accelerated  by  the  action  of  frost.  The  scar  on  the  stem 
(leaf-scar,  p.  23)  either  simply  dries  up;  or  a  layer  of  cork  is 
formed  over  it  by  the  merismatic  tissue  which  remains  :  in  any 
case  the  vessels  become  sealed  with  mucilage. 
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Introductory.  A  systematic  class!  6  cat  ion  of  plants  niaj  bo 
arrived  at  by  either  of  two  methods.  In  the  first,  the  different 
forms  of  plants  are  arranged  accoixling  to  some  one  given  prin- 
ciple; by  this  means  order  is  established,  and  a  definite  position 
in  the  system  is  assigned  to  each  plant.  Many  such  systems  have 
been  devised,  and  are  known  as  artificial  systems.  The  principle 
of  classification  in  such  a  case  mast  be  determined  more  or  less 
arbitrarily  and  without  considering  whether  or  not,  in  the  resulting 
arrangement,  the  plants  which  are  nearly  allied  are  always  brought 
together,  and  those  which  are  less  nearly  allied  are  kept  apart. 
The  best  known  of  these  artificial  systems  is  that  of  Linnaeus, 
called  the  sexual  system,  which  classifies  plants  by  the  number 
and  mode  of  arrangement  of  the  floral  organs.  This  system  is, 
however,  only  applicable  to  Phanerogams. 

The  natural  system,  to  the  gradual  development  of  which  a  more 
exact  knowledge  of  the  reproduction  of  Cryptogams  has  largely 
contributed,  has  for  its  object  the  classification  of  plant4?  according 
to  their  fundamental  relationships;  and  as  these  are  established 
once  for  all  by  Nature  itself,  the  natural  system  is  not  based  upon 
any  arbitrary  principle  of  classification,  but  depends  upbn  the 
state  of  our  knowledge  of  these  fundamental  relationships.  These 
find  their  chief  expression  in  the  structure  and  other  characteristics 
of  the  reproductive  organs,  as  well  as  in  the  peculiarities  of  poly- 
morphism presented  by  the  life-history  (see  p.  2).  This  is  more 
particularly  true  with  regard  to  the  definition  of  the  larger  groups 
of  the  Vegetable  Kingdom ;  within  these  groups  relationships  may 
bo  exhibited  sometimes  in  one  way  and  sometimes  in  another,  so 
that  it  is  not  possible  to  lay  down  any  universal  rules  for  deter- 
mining close  affinities. 

As  the  investigation  of  this  subject  is  still  far  from  complete, 
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the  natural  system  cannot  be  regarded  as  beinjj^  perfectly  evolved; 
the  various  general  sketches  which  have  hitherto  been  given  are 
therefore  no  more  than  approximations  to  the  truth.  The  system 
followed  in  the  following  pages  has  no  pretension  to  be  regarded 
as  absolutely  correct ;  it  is  simply  the  arrangement  which  appears 
to  answer  most  nearly  to  the  present  state  of  knowledge  of  mor- 
phology and  affinity. 

The  following  are  the  main  divisions  of  the  Vegetable  King- 
dom : — 
isT  Group.    Thallophyta. 

Class  1.     Algaa. 

Class  2.     Fungi. 
2kd  Group.     Bryophyta. 

Class  3.    Hepatic€3. 

Class  4.     Musci. 
3rd  Group.     Pteridophyta. 

Class  5.     FilicinsB. 

Class  6.     EquisetinsB. 

Class  7.     LycopodiuflB. 
4th  Group.    Phanerogamia. 

Division  A.     Oymnospermce, 

Class  8.     Gymnospermce. 
Division  B.     Augioi*perm(K, 

Class  9.     Monocotyledon es. 

Class  10.  Dicotyledones. 
In  considering  the  distinguishing  characteristics  of  those  four 
great  groups,  it  may  be  pointed  out,  in  the  first  place,  that  whereas 
in  the  Bryophyta,  Pteridophyta,  and  Phanerogamia,  without  ex- 
ception, the  life-history  presents  a  regular  alternation  of  genera- 
tions, in  the  Thallophyta  the  alternation  is  generally  irregular  and 
is,  in  many  cases,  altogether  wanting.  The  Thallophyta  and  the 
Bryophyta  agree  with  each  other,  and  diiferfrom  the  Pteridophyta 
and  the  Phanerogamia,  in  that  (a)  in  their  life-history,  **  the 
plant  ** — that  is,  the  form  to  which  the  name  is  attached  (see  p.  3) 
— is,  generally  speaking,  the  gametophyte,  whereas  in  the  two 
latter  groups  it  is  the  sporophyte ;  and  in  (6)  the  relatively  rudi- 
mentary difEerentiation,  both  morphological  and  histological,  of 
their  sporophyte,  whereas  their  gametophyte  is  commonly  more 
highly  differentiated  than  that  of  the  two  latter  groups.  Finally, 
though  resembling  them  in  many  respects,  the  Phanerogamia  differ 
from  the  Pteridophyta  in  that  they  produce  seeds :  in  fact,  the 
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Phanerogamia  may  be  contrasted,  as  seed-bearing  plants,  with 
the  three  groups  (Thallophjta,  Bryophyta,  Pteridophyta)  of  plants 
which  do  not  bear  seeds,  and  which  are  collectively  termed  Cryp- 
togamia. 

Far thermore,  the  Thallophyta  are  aharacterised  by  the  fact  that 
the  female  organ  is  never  an  archegoninm,  whereas  in  the  other 
three  groups  it  is  never  anything  else  than  an  archegoninm,  though 
it  may  present  variatiotis  of  form  and  structure  (see  p.  84)  :  the 
Bryophyta,  Pteridophyta,  and  Phanerogamia  may,  on  this  account, 
be  collectively  designated  Archegoniata. 

The  above-mentioned  Classes  are  of  very  unequal  extent ;  for 
while  certain  of  them,  as  the  Equisetinee,  include  few  forms  and 
those  for  the  most  part  very  closely  allied,  others,  as  the  Dicotyle- 
dones  and  the  Fungi,  include  an  enormous  number  of  very  different 
forms.  These  discrepancies  arise  from  the  very  nature  of  the 
natural  system,  for  a  great  diversity  does  not  necessarily  display 
itself  within  the  limits  of  a  single  Class ;  and  it  must  not  be  for- 
gotten that  when  the  living  representatives  of  a  Class,  for  instance 
the  Equisetinte  or  the  LycopodincB,  are  few,  they  are  but  the 
surviving  remnant  of  once  various  and  numerous  forms  which 
have  become  in  gi*eat  measure  extinct. 

Those  Classes  which  include  a  sufficiently  large  number  of  forms 
are  subdivided  into  subordinate  divisions,  as  (I)  Sub-classes,  (2) 
Series,  (3)  Cohorts,  (4)  Orders,  and  these  again,  if  necessary,  into 
Sub-orders,  etc. ;  but  these  names  are  applied  in  the  most  arbitrary 
manner  to  the  different  sub-divisions.  The  two  narrowest  system- 
atic conceptions,  viz..  Genus  and  Species,  are  used  to  indicate  an 
individual  plant.  Under  the  term  Species  are  included  all  in- 
dividuals which  possess  in  common  such  a  number  of  constant 
characters  that  they  may  be  considered  to  be  descended  from  a 
common  ancestral  form.  New  peculiarities  may  arise  in  the 
course  of  multiplication :  the  individuals  characterised  by  these 
new  peculiarities  are  regarded  in  classification  as  varieties  of  the 
species.  When  several  species  resemble  each  other  so  distinctly 
that  their  general  characters  indicate  a  relationship,  they  are 
grouped  together  in  a  Genus.  The  limits  of  genera  are  conse- 
quently by  no  means  fixed,  but  vary  according  to  the  views  of 
individual  botanists.  In  the  larger  genera  the  species  are  grouped 
into  Sub-genera, 

The  scientific  name  of  every  plant  consists — on  the  plan  intro- 
duced by  Linneeus — of  two  words,  the  first  indicating  the  name  of 
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the  genas,  and  the  second  that  of  the  species.  Thus,  for  instance, 
the  greater  Plantain,  Plantago  major,  and  the  Ribwort,  Plantago 
lanceolata,  are  two  species  of  the  genus  Plantago.  Since  in  early 
times  the  same  plants  were  often  described  under  different  names, 
and  as  different  plants  were  often  designat.ed  by  the  same  name,  it 
is  necessary  in  systematic  works,  in  order  to  avoid  confusion,  to 
append  to  the  name  of  the  plant  the  name  of  the  botanist  who  is 
the  authority  for  it.  Thus  Plantago  lanceolata  L.,  indicates  that 
LinnsBDS  gave  the  plant  this  name,  and  at  the  same  time  that  the 
plant  meant  is  the  one  which  Linnaeus  described  and  to  whioh  he 
gsive  the  name.  Again,  the  Spruce  Fir  is  called  Picea  excelsa 
Link,  while  the  same  plant  was  placed  by  Linnceus  in  the  genus 
Pinus  under  the  name  Pinus  Abies  L.,  and  by  De  Candolle  in  the 
genus  Abies  (Don)  as  Abies  excelsa  DC;  Ijence  these  names  are 
synonymous  :  but  Pinus  Abies  Duroi,  or  Abies  excelsa  Link,  is  an- 
other plant  altogether,  the  Silver  Fir  (Abies  pectinata  DC). 

The  method  by  which  each  plant  has  its  place  assigned  to  it  in 
the  natural  system  is  exhibited  in  the  two  following  examples — 
I.  Plantago  major ;  II.  Agaricus  muscarius  : 

L  Group:  Phanerogamia. 

Division  :  Angiospermaa. 
Class:   Dicotyledones. 
Sub-class:  Gamopetalce. 
Series  :  Hypogynea. 
Cohort :  Lamiales. 

Order:  Plantaginaceoo. 
Genus :  Plantago. 
Species :  major. 

IL  Group  :  Thallophyta. 

Class :  Fungi. 

Sub-class :  Basidiomycetes. 
Series :  Autobasidiomycetes. 
Order :  Hymenomycetes. 
Family :  Agaricinae. 
Genus  :  Agaricus. 
Sub-genus:  Amanita. 
Species  :  muscarius. 
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GROUP  I. 

THALLOPHTTA. 

This  gi'onp  iaclndes  the  more  lowly-organi«ed  plants.  As  already 
mentioned,  the  alternation  of  generations  is  here  either  irregular  or 
wanting.  When  the  alternation  of  generations  is  irregular,  the 
irregularity  is  mainly  due  to  the  fact  that  the  gametophyte  is 
capable  of  reproducing  itself,  it  may  be  through  several  successive 
generations,  by  means  of  asexually-produced  reproductive  cells 
(gonidia ;  see  p.  3) :  this  prodaction  of  gonidia  by  the  gametophyte 
does  not  occur  in  any  other  group  of  plants,  and  in  this  group  it 
frequently  happens  that  a  gametophyte  which  produces  gonidia 
bears  no  sexual  reproductive  organs,  and  is,  therefore,  not  an  actual, 
but  a  potential  gametophyte.  When  an  alternation  of  genera- 
tions is  wanting,  its  absence  may  either  be  due  to  the  fact  that, 
as  in  the  lowest  AlgsB  and  Fungi,  sexual  reproduction  has  not  yet 
made  its  appearance;  or  it  may  be  due  to  the  fact  that,  as  in 
certain  Alg»  (e.g.  Spirogyra,  Fucus,  Chara),  the  product  of  the 
sexual  process  is  a  cell  (zygospore  or  oospore ;  see  p.  80),  which 
gives  rise  directly  to  a  gametophyte,  so  that  no  sporophyte  is 
developed. 

The  morphology  of  these  plants  is  such  that  the  body,  whether 
of  the  sexual  or  the  asexual  form,  is  generally  a  thallus,  though  in 
certain  cases  there  are  more  or  less  distinct  indications,  especially 
in  the  gametophyte,  of  that  differentiation  of  the  body  into  root, 
stem,  and  leaf,  which  is  so  familiar  in  the  sporophyte  of  the 
Pteridophyta  and  Phanerogamia.  In  those  forms  in  which  the 
sexual  organs  are  differentiated,  the  female  organ  may  be  an 
oogonium,  or  a  procarp,  or  an  archicarp,  but  it  is  never  an  arche- 
goniam. 

These  plants  are  farther  characterised  by  the  simplicity  o£  their 
structure :  the  body  may  be  unicellular,  or  coenocytic  and  unseptate 
or  incompletely  septate  (see  p.  89),  or  it  may  be  multicellular. 
One  conspicuous  structural  feature  (shared,  however,  with  the 
Bryophyta),  is  the  absence  of  lignified  cell-walls,  the  cell- walls  con- 
sisting generally  of  some  form  of  cellulose,  and  being  frequently 
mucilaginous.  In  the  lower  forms,  vegetative  reproduction  by 
some  mode  of  cell-division  is  not  uncommon. 

The  division  of  the  group  into  the  two  classes  Algae  and  Fungi 
appears  to  be   arti6cial,  inasmuch  as  it  is  based  upon   a  single 
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character,  the  presence  (Algse)  or  absence  (Fungi)  of  chlorophyll. 
Bat  the  division  is  i*eall7  natui*al,  since  this  one  character  is 
correlated  with  variona  others.  It  is,  indeed,  becoming  usual  to 
regard  the  Algaa  and  the  Fungi  as  altogether  distinct  groups  ;  but 
it  appears  to  be  preferable  to  continue  to  regard  them  as  classes  of 
the  group  Thallophyta,  inasmuch  as  the  Fungi  have  doubtless 
arisen  from  the  Algae,  and  since  they  possess  many  features  in 
common. 


Class  L— ALGJS. 

These  are  plants  of  the  simplest  structure,  which  either  live  in 
water  in  the  form  of  green,  blue-green,  red,  or  brownish  filaments 
ov  masses  of  cells,  or  clothe  damp  surfaces  such  as  rocks,  walls,  or 
the  bark  of  trees,  with  a  covering  of  one  or  other  of  these  coloui's 
In  the  sea  they  attain  often  a  very  considerable  bulk;  some  of 
them  are  of  a  beautiful  red  or  brown  colour,  and  attract  the 
attention  of  the  observer,  partly  by  their  considerable  size,  and 
partly  by  the  elegance  of  their  form. 

The  most  important  feature  in  which  the  plants  of  this  Class 
differ  from  the  Fungi  is  the  presence  of  chlorophyll  and  the  con- 
sequent mode  of  life.  The  Algae  are  able  to  form  the  organic  sub- 
stances necessary  for  their  nutrition,  whereas  the  Fungi  are 
obliged  to  obtain  them  from  other  organisms.  The  presence  of 
chlorophyll  is  obvious  enough  in  the  green  Algae,  but  it  exists  also, 
though  less  evidently,  in  Algae  which  have  a  bluish-green,  olive- 
green,  brown,  or  red  colon ring-;(natter  in  addition  in  their  chroma- 
tpphores.  The  nature  of  this  additional  colouring- matter  is  usually 
the  same  throughout  whole  families  which  also  resemble  each 
other  in  their  modes  of  reproduction.  Hence  this  characteristic 
affords  a  trustworthy  basis  for  classification,  on  which  the  Algae 
are  divided  into  the  following  sub-classes  : — 

Sub-class   1 :    Cyanophyce-B   (or  Phycochromaceae),   blue-green 

Algae,    containing    a    blue    colouring  -  matter 

phycocyanin ; 
„  2 :    Chlqeophyce-S,    green    Algae,    containing    only 

chlorophyll  and  its  derivatives  ; 
„  3  :    PH-fiOPHYCKJi,  brown  Algae,  containing  a  yellow 

or  brown  colouring-matter  phycophcein ; 
„  4:    RuQD0PHYCB-«,   red  Algae,  containing  a  red  or 

purple  colouring-matter  phycoerythrin. 
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The  eolonring-mattera  phyooojanin,  pbyoopbiein,  and  pbycoerytbrin,  can  be 
extracted  by  means  of  water ;  they  thus  dififer  from  chlorophyll,  which  is  in- 
solable  in  water.  The  presence  of  chlorophyll  in  the  CjanophyceaB,  Phfleophycea?, 
and  BhodophyceiB,  can  be  proved  by  extracting  the  other  colouring-matters  with 
water ;  the  plants  then  assume  a  green  colour. 

Structure,  The  body  may  be  unicellular;  or  coenocytic  and 
unseptate  (as  in  the  Siphonacese),  or  incompletely  septate  (Clado- 
phoracesB) ;  or  multicellular.  The  unicellular  forms  either  exist 
singly,  or  a  number  may  be  held  together  in  a  colony  by  a  mucila- 
ginous common  cell- wall,  either  as  a  filament  (e.g.  some  Desmidieap) 
or  a  mass  (palmelloid  Protococcaceae,  Syngeneticee,  Chroococcaceie). 
In  some  of  the  multicellular  forms  (e.g.  Spirogyra,  Pandorina, 
Ulva)  all  the  cells  of  the  body  are  quite  similar ;  at  first  vegeta.- 
tive,  they  eventually  become  reproductive,  so  that  there  is  no 
distinction  between  nutritive  and  reproductive  cells  :  in  these 
histologically  undifferentiated  forms  the  body  is  a  coenobium  (see 
p.  92).  Even  the  most  highly  organised  forms  attain  but  a  low 
degree  of  histological  differentiation,  amounting  (as  e.g,  in  the 
FucaceaB)  only  to  a  distinction  between  peripheral  assimilatory 
tissue  and  central  conducting  tissue  :  in  some  of  the  Laminariaceaa 
the  conducting- tissue  has  the  form  of  sieve- tubes. 

Morphologi/,  The  body  may  be  entirely  undifferentiated ;  this 
condition  is  most  common  in  the  unicellular  forms,  but  it  also 
occurs  among  the  multicellular  (e.g.  Vol  vox)  ;  or  it  may  present 
a  distinction  of  base  and  apex  (e.g,  Bivularia);  or  it  may  be 
differentiated  into  root  and  thalloid  shoot  (e.g.  Botrydium,  Fucns) ; 
or  into  root,  stem,  and  leaf  (e.g,  Caulerpa,  Cladostephus,  Sar- 
gassum,  Chara,  Polysiphonia). 

The  undifferentiated  body  (thallus),  as  also  the  thalloid  shoot, 
presents  great  variety  of  form  :  it  may  be  spherical,  or  filamentous, 
or  a  flattened  expansion,  and  its  symmetry  may  be  multilateral, 
isobilateral,  or  dorsiventi^al. 

The  growth  in  length  of  the  thallus  or  of  the  shoot  is  effected 
in  a  variety  of  ways.  It  may  be  either  -apical  or  intercalary.  In 
cellular  plants  the  apical  growth  is  effected  either  by  a  single 
apical  cell  {e.g.  Characeee,  Sphacelarieae,  Fucacese,  Dictyota^  Fig. 
140,  most  Rhodophycese) ;  or  by  a  marginal  series  of  apical  cells 
(e.g.  ColeochaeteaB,  some  flattened  Rhodophyceae) ;  whereas  in  those 
coenocytic  plants  (Siphonoidese)  which  grow  apically,  there  is  no 
epical  cell,  but  an  apical  mass  of  embryonic  protoplasm.  In  some 
(saaes  of  intercalary  growth  there  is  no  growing- point,  all  the  cells 
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of  the  body  being  merismatic  (e.g.  Spirogyra,  Ulothrix,  Ulva)  ; 
in  other  cases  there  is  a  de6nite  intercalary  growing- point,  as  in 
Laminaria  (Fig.  159)  and  other  Pheeophyceae,  in  some  of  which 
growth  is  trichotkallic,  that  is  the  shoot  terminates   in  a  single 
malticellnlar  hair  (e.g.  Desmarestia,  Fig.  160),  or  in  several  hairs 
(e.g.  Cutleria),  or  in  a  tnft  of  hairs  (e.g.  Carpomitra  Cahrerce),  and 
towards  the  base  of  each  such  hair  lie  the  merismatic  cells  which 
constitute     the     inter- 
calary  growing- point. 
In  some  few  cases  (e.g. 
Volvocoideae,    Botry- 
dium)    there    is    no 
growth  after   the   em- 
bryo-stage,   as    the 
whole     pi'otoplasm     of 
the    body   passes    over 
into   the    adult    condi- 
tion. 

The  primary  root  is 
never  developed  in  due 
proportion  to  the 
shoot  ;  consequently, 
in  order  to  ensure  the 
attachment  of  the 
plant,  adventitious 
roots  are  very  com- 
monly formed  on  the 
shoot,  and  when  the 
shoot  is  dorsiventral 
unicellular  root  -  hairs 
are  commonly  de- 
veloped on  the  surface 
in  contact  with  the 
substratum.  In  some 
cases  special  organs  of 
attachment  (haptera, 
see  p.  66)  are  developed  on  the  shoot ;  they  may  be  adhesive  discs 
bonje  on  the  ends  of  branches  of  the  shoot  (e.g.  Plocamium  coccin- 
ettm),  or  root-like  out-growths  as  in  Laminaria  bullosa,  where  at 
tbibase  of  the  shoot,  a  large  umbrella- shaped  out-growth  is  formed, 
bearing  numerous  haptera  on  its  upper  and  outer  surface. 


Fio.  1S9.— Laminaria  digUata  (after  Harvey;  mnch 
reduced;.  The  intercalary  growing-point  is  BituMted 
at  the  junction  of  the  old  frond  (b)  with  the  new  frond 
(a) ;  a  is  gradually  splitting  into  segmenu. 
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The  leaves  vary  in  form.     In  some  eases  (e,g,  Canlerpa,  Fig. 
162 ;   Sargassum)  thej  resemble  the  foliage-leaves  of  the  higher 


.7 


B. 


C 


Fie,  160.— Growing.pointa  of  Algas.  A  apical  growing.point,  with  apical  cell,  of 
Sti/pocauloA  tcoparium  (x80).  B  intercalary  triohotballio  growing-point  (where  the 
transverse  lines  are  close  together)  of  Daamnr09Ua  liguiata  in  longitudinal  section  ( x  60). 
C  apical  growiug-point,  with  apical  cell,  of  ChattoptariB  plumoM(x  40}  (after  Falkenberg). 

plants;  in  others,   (eg.  Cladostephus,  Chara)  they  resemble  the 
stem   and   its   branches,  but  are   distinguished  by  their  limited 

growth  ;  in  others  again  (e.g, 
Polysiphonia  and  other  Rho- 
dophycesB,  Fig.  161),  they 
are  filamentous  and  hair-like. 
The  morphology  of  the 
reproductive  organs  is  dis- 
cussed in  connexion  with  the 
processes  of  reproduction. 

The  Reproduction  of  the 
Alg8B  is  effected  in  various 
ways.  Vegetative  multipli- 
cation takes  place  in  the 
unicellular  forms  {e,g.  Cyano- 
phycesB,  Protococcoideee,  Des- 
midieas,  etc.)  by  cell-division, 
in  some  of  the  higher  forms 
(e,g.  Sphacelaria,  Chara, 
Melobesia)  by  means  of  mul- 

Fia.  161.-rolysiphonia(Herposfphonia)(after  ticellular  gemm»  (see  p.  68). 

Naegeli).     The   dorsiventral   horizontal    stem  Nou-motilc  cells,  with  a  CCll- 

bearsthe  leaves  (/)onthe  dorsal  surface;  the  ^^^^       ^y^^^y^     ^      probably 

root-hairs  (r)  on  the  ventral  surface;  and  the  r               j 

bnuK^es  (a  h  o)  on  the  flanks.  gemmsB,   are  thrown  off  by 
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Monospora  (Bhodophjceas),  and  by  Vaucheria  geminata,  and  some- 
times bj  other  species  of  Vaucheria  (ChlorophyceaB).  Reproduc- 
tion by  means  of  asexually-produced  spores  or  gonidia  occurs  with 
but  few  exceptions  {e.g.  ConjugatsB,  Fucaceee,  CharacesB).  Sexual 
reproduction  is  general  throughout  the  class,  though  it  has  not  yet 
been  observed  in  all  forms ;  it  appears  to  be  definitively  absent 
in  the  CyanophyceaB,  and  in  some  of  the  lower  ChlorophyceaB  (e.g, 
some  unicellular  Protococcoidew)  and  PhflBophyceee  (Syngeneticse). 


Fio.  162.~A  portion  of  the  body  of  Cavlerpa  pZumaru  showing  dorflivdntral  arrangement 
of  members.  The  horizontal  stem  bears  leaves  on  its  upper  (dorsal)  sarfaoe,  and  roots  on 
its  lower  (ventral)  surface. 

There  are  various  modes  of  sexual  reproduction  in  the  group. 
The  following  is  an  enumeration  of  them  (see  also  p.  80)  : — 

I.  hogamy :  the  sexual  cells  are  similar  gametes ;  process, 
conjugation  ;  product,  a  zygospore. 

(a)  Grametes  ciliated  (planogametes) ;  set  free ;  e.g.  Ulothrix, 
Pandonna,  Ectocarpus,  Cutleria* 

(Ji)  Gametes  not  ciliated  (aplanogametes)  ;  not  set  free  in  the 
Conjugate ;  set  free  in  the  DiatomaceaD. 

II.  Heterogamy: 

(a)  Oogamy :  the  female  organ  is  an  oogonium ;  the  sexual 
cells  are  spermatozoids  and  oospheres,  the  former  ciliated  and 
free-swimming,  the  latter  not  ciliated  but  sometimes  free-floating ; 
process,  fertilisation;  product,  an  oospore;  {e.g.  Volvox,  Vaucheria, 
CBdogonium,  Coleochsete,  CbaraceeB,  Fucacero). 

(h)  Carpogamy ;  the  female  organ  is  a  procarp  in  which  no 
female  cell  is  differentiated ;  male  cell  free,  not  ciliated,  a  sperma- 
v.s.B.  Q 
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tinm ;  process,  fertilisation ;  prodact,  a  fructification  termed  a 
cjstocarp  (Rhodophyceae). 

The  evolution  of  sexuality  can  be  well  traced  in  the  Algae.  Thus 
in  Ulothrix  ( Confer voideae)  two  kinds  of  zoogonidia  are  produced, 
microzoogonidia  which  are  small,  macrozoogonidia  which  are  larger; 
the  latter  always  germinate  independently,  but  the  microzoogonidia 
conjugate  in  pairs  to  form  a  zygospore,  though,  if  they  fail  to 
conjugate,  they  are  capable  of  independent  germination ;  they 
are,  in  fact,  imperfectly  sexual  gametes.  In  Ectocarpus  (Phaeo- 
sporeae)  also  the  sexuality  of  the  gametes  is  imperfect.  In  most 
cases  the  microzoogonidia  are  incapable  of  independent  germina- 
tion, and  are  therefore  completely  sexual  cells  (planogametes). 

The  evolution  of  sex  can  also  be  well  traced  in  the  Algae  by  a 
comparison  of  the  sexual  cells  of  the  higher  and  lower  forms.  In 
Ulothrix,  for  instance,  the  gametes  are  similar  both  in  their  form 
and  in  the  part  which  they  take  in  the  sexual  process.  In 
Ectocarpus  the  gametes  are  externally  similar,  but  they  do  not 
behave  alike  in  the  process  of  conjugation,  for  some  come  to  rest, 
whilst  others  remain  motile,  as  a  preliminary  to  that  process 
which  consists  in  the  fusion  of  a  motile  with  a  resting  gamete ; 
hence  the  former  is  considered  to  be  male,  the  latter  to  be  female. 
In  Cutleria  the  gametes  differ  in  size,  and,  though  they  are  all  mo- 
tile at  first,  the  larger  gametes  soon  come  to  rest  when  conjugation 
follows ;  in  this  case  difference  of  sex  is  indicated  from  the  first  by 
the  larger  size  of  the  female  gametes.  InFucus  the  differentiation 
is  carried  still  further,  in  that  the  female  gamete  (now  called  an 
oosphere)  is  not  ciliated  nor  motile,  and  is  much  larger  than  the 
motile  male  gamete  (now  called  a  spermatozoid)  ;  but  both  cells 
are  extruded,  from  the  organs  in  which  they  are  formed,  into  the 
water.  In  the  typical  oogamous  forms  (e.g.  Vaucheria,  Coleo- 
chaete,  Volvox,  Chara)  there  is  the  further  and  final  stage  of 
sexual  differentiation,  that  the  oosphere  is  not  extruded,  but  re- 
mains in  the  female  organ  (oogonium),  whereas  the  spermatozoids 
are  set  free,  and,  still  retaining  the  character  of  planogametes, 
swim  by  means  of  cilia,  ultimately  entering  the  oogonium  and 
fertilising  the  oosphere. 

Sexual  difference  may,  however,  exist  without  being  accom- 
panied by  any  external  differentiation.  For  instance,  the  sexual 
cells  of  Ace tabul aria,  Ulothrix,  and  Dasycladus,  are  in  each  case 
externally  similar  planogametes;  but  conjugation  only  takes 
place  in  Ace  tabul  aria  and  Ulothrix,  between   planogametes  de- 
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rived  from  distinct  gametangia ;  and  in  Dasjcladus,  only  between 
planogametes  derived  from  gametangia  borne  by  distinct  indi- 
viduals. Hence  it  appears  that  the  planogametes  formed  in  any 
one  gametangiam  of  Acetabnlaria  or  of  Ulothrix  are  all  of  the 
same  sex ;  and,  similarly,  that  the  planogametes  produced  by  any 
one  individual  of  Dasycladas  are  all  of  the  same  sex ;  but,  in  the 
absence  of  any  external  differentiation,  it  is  impossible  to  dis- 
tinguish between  the  male  and  the  female  planogametes. 

The  sexual  celU  ai*e  aplanogametes,  planogametes,  oospheres,  and 
ppermaiozoids  (see  p.  80) ;  thongh  they  differ  widely  in  various 
respects,  they  agree  in  being  nucleated  masses  of  protoplasm 
destitute  of  a  proper  cell -wall. 

The  aplanogametes  are  characterised  by  the  absence  of  cilia 
and  of  any  defined  form;  they  are  confined  to  the  Conj agates 
and  DiatomacesB. 

The  planogametes  are  somewhat  pear-shaped,  the  anterior  more 
pointed  end  being  destitute  of  the  chromatophores  which  are  pre- 
sent in  the  more  rounded  portion.  They  have  two  cilia  which 
are  inserted,  in  the  isogamous  Chlorophyceae,  at  the  pointed  end 
of  the  cell ;  in  the  isogamous  Phaeophyceae,  laterally  at  the  junction 
of  the  anterior  coloarless  portion  with  the  posterior  coloured  por- 
tion of  the  cell.  In  conjugation,  the  planogametes  first  come  into 
cjntact  by  their  colourless  anterior  ends.  Like  the  zoospores,  the 
planogametes  have  commonly  a  red  pigment-spot  (see  p.  102). 

The  oospheres  are  spherical  cells,  usually  containing  chroma- 
tophores either  throughout  their  whole  substance,  or  leaving  a 
coloarless  area  on  one  side,  the  receptive  spot,  at  which  the  sper- 
matozoid  enters  in  the  process  of  fertilisation  {e.g,  CEdogonium, 
Vaueheria,  Sphaeroplea;  see  p.  116). 

The  spermatozoids  may  be  somewhat  pear-shaped,  resembling 
the  zoogonidia  of  the  plant,  but  smaller  (e.g.  Coleochsete,  CEdogo- 
nium) ;  or  they  may  be  more  elongated  and  club-shaped  (e.g. 
Sphaeroplea,  Volvox)  ;  or  still  more  elongated  and  spirally  twisted 
(Characeee).  They  usually  bear  two  cilia  at  the  pointed  end  ;  but 
in  Vaacheria,  Volvox,  and  the  Fucacese,  they  are  inserted  laterally; 
in  CEdogonium  there  is  a  circlet  of  cilia  round  the  pointed  colour- 
less end.  They  are  faintly  coloured,  in  the  Chlorophycese  usually 
yellow ;  they  sometimes  have  a  red  pigment- spot  near  the  insertion 
of  the  cilia  (e.g.  Volvox,  Fucacete). 

The  male  cells  of  the  Floridea?  and  of  the  Dictyotaceee  are 
peculiar  on  account  of  the  absence  of  cilia,  and  are  distinguished 
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by  the  special  name  spermatia.  The  spermatia  of  the  Floridesd 
snrround  themselves  with  a  proper  wall  at  the  time  of  feHilisa- 
tion. 

The  sexual  organs.  Ip.  those  Alg©  in  which  the  sexual  cells  are 
similar,  and  the  sexnal  process  is  isogamons,  the  sexual  organs  are 
gametangia.  In  many  cases  they  are  unicellular  and  undifferen- 
tiated: thus,  when  the  gametophyte  is  unicellular  (e.g.  Desmidiese, 
Diatomaceae)  the  cell  itself  constitutes  the  gametangium ;  and  in 
some  multicellular  or  coenocytic  forms  (e.g,  Zygnemese,  Hydrodic- 
tyon,  Confervoideae)  the  gametangia  are  simply  ordinary  vegetative 
cells  or  coenocytes.  In  some  isogamous  Algae,  however,  the  game- 
tangia are  differentiated  as  lateral  appendages,  and  are  multi- 
cellular, as  in  the  Phaeosporeaa ;  in  Cutleria  it  is  even  possible  to 
distinguish  the  male  from  the  female  gametangium. 

When  the  gametangium  is  unicellular  or  coenocytic,  it  usually 
gives  rise  to  a  number  of  gametes;  but  in  the  Conjugatae  a  single 
gamete  is  formed.  When  the  gametangium  is  multicellular,  each 
cell  usually  gives  rise  to  a  single  gamete ;  but  in  the  male  game- 
tangium of  Cutleria  2-8  gametes  are  developed  in  each  cell. 

The  female  organ,  the  oogonium^  is  in  all  cases  unicellular  or  a 
coenocy te ;  in  Sphaeroplea  it  is  undifferentiated,  retaining  the  form 
of  a  vegetative  segment  of  the  incompletely  septate  plant;  in 
most  cases  it  is  more  or  less  spherical  in  form,  and  in  some  species 
of  ColeochaBte  it  is  prolonged  at  the  apex  into  a  delicate  tube,  the 
frichogyne.  It  opens,  in  most  cases,  by  the  absorption  of  the  wall, 
at  a  point  opposite  the  receptive  spot  of  the  oosphere  when  that 
is  present;  but  in  others  (e.g.  Vol  vox,  Chara)  it  remains  closed. 
In  the  former  case  the  spermatozoid  enters  by  the  aperture ;  in 
the  latter,  it  boi*es  its  way  through  the  wall  of  the  oogonium  which 
becomes  mucilaginous  at  its  exposed  surface.  The  oogonium  of 
the  FucaceaB,  Dictyotaceae,  and  Tilopteridaceae,  ruptures  and  sets 
free  the  contained  female  cell  or  cells.  Usually  a  single  female 
cell  (oosphere)  is  formed  in  an  oogonium,  by  the  rejuvenescence 
of  its  protoplasmic  contents ;  but  in  various  Fucaceae,  the  proto- 
plasm divides  to  form  two,  four,  or  eight  oospheres,  and  in  the 
ccenocytic  oogonium  of  Sphaeroplea  there  are  several  oospheres. 

The  female  organ  of  the  Rhodophyceae,  the  procarp,  is  some- 
times unicellular  (e.g.  Neraalieae),  but  more  commonly  multi- 
cellular. It  is  in  nearly  all  cases  prolonged  into  a  trichogyney  the 
basal  portion  being  tenned  the  carpogonium.  The  trichogyne  re- 
mains closed.     The  protoplasm  of  the  procarp  does  not  undergo 
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differentiation  into  a  female  cell  comparable  with  tbo  oospbere 
of  the  oogonium. 

The  male  organ,  the  antheridium,  is  with  few  exceptions  (e.g. 
Sphseroplsea)  more  or  less  differentiated  in  form,  attaining  its 
highest  development  in  the  CharacesB.  It  is  nsually  nnicellular ; 
bnt  in  (Edogonium  it  consists  of  two  cells,  and  of  many  in  the 
CharaceoB  where  its  structure  is  highly  complex.  When  the 
antheiidium  is  nnicellular,  it  nsually  gives  rise  to  a  number  of 
male  cells,  but  in  Coleochaete  and  most  RhodophyceoB  only  to  one. 
When  it  is  multicellular,  each  fertile  cell  gives  rise  to  a  single 
spermatozoid. 

Sexual  organs  are  not  known  in  the  following  forms :  Cyano- 
phycesB,  some  ProtococcoideaB,  some  Siphonaceee,  Syngeneticee,  some 
PhaeosporeBB  (e.g.  Desmarestia;  LaminariacesB,  except  Chorda). 

The  asexual  reproductive  cells  of  the  Algse  are  formed  either 
sexually  or  asexually :  the  former  are  either  zygospores,  or  oospores ; 
the  latter  are  spores,  those  produced  by  the  gametophyte  (when 
this  is  the  case)  being  distinguished  as  gonidia. 

The  zygospores  and  oospores  occur  exclusively  in  the  Chloro- 
phycero  and  PhfleophycesB  :  they  are  spherical  nucleated  cells  with 
a  cell- wall.  The  differentiation  of  the  cell- wall  varies  with  the 
nature  of  the  spores  and  of  the  conditions  to  which  they  are 
likely  to  be  exposed.  In  the  PhjeophycesB  the  zygospore  or  the 
oospore  germinates  at  once  on  its  formation,  and  its  wall  remains 
thin,  and  consists  only  of  a  single  layer.  In  the  Chlorophycece,  the 
sexually  produced  spore  (except  in  Botrydium  under  favourable 
conditions)  undergoes  a  period  of  quiescence  before  it  germinates, 
and,  except  in  marine  fomis  (e.g.  Acetabularia,  Dasycladus),  it  is 
exposed  during  this  period  to  the  danger  of  desiccation.  As  a 
protection,  its  wall  consists  of  two  layers  (see  p.  69),  a  delicate 
endospore,  and  a  hard  cuticularised  exospore,  which  often  grows 
out  into  prominences,  giving  to  the  spore  a  stellate  appearance. 

The  spores  produced  asexually  by  the  sporophyte  may  be  rest- 
ing-spores  with  a  thick  wall,  which  may  consist  of  two  layers 
as  described  above  (e.g.  many  Cyanophycese),  or  cells  destitute  of 
a  cell-wall,  either  ciliated  (e.g.  zoospores  of  (Edogonium,  Coleo- 
cheete,  SpheBi-opleea,  Pandorina),  or  not  ciliated  (eg.  carpospores 
of  the  RhodophycecB). 

The  gonidia  produced  by  the  gametophyte  are  never  "  resting- 
spores,"  but  are  destitute  of  a  cell-wall,  and  are  either  ciliated 
(e.g.  zoogonidia  of  Vaucheria,  (Edogonium,  Coleochjete,  Ulothrix 
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Ectocarpus),  or  not  ciliated  {e.g,  tetragonidia  of  tli©  Rhodo- 
phyceae). 

The  asexual  repoductwe  organs  are  termed  gonidangia  when  borne 
by  the  gametophyte,  and  sporangia  when  borne  by  the  sporophyte. 
In  the  simple  unicellalar  forms,  the  whole  body  may  become  a 
sporangiara  (e.g.  Hsematococcns)  :  in  some  coenobitic  multicellular 
plants,  there  are  no  definite  asexual  reproductive  organs,  bat  any 
of  the  cello  of  the  body  may  act  as  such  (e.g.  Ulothrix,  Pandorina, 
Coleochaete,  Ulva)  without  any  special  morphological  differentia- 
tion; this  is  true  likewise  of  the  coenocytic  Algse  (Siphonoideae, 
such  as  Botrydium,  Vaucheria,  Spheeroplea,  Cladophora)  where  the 
whole  or  part  of  the  body  may  act  as  a  gonidangiura.  Specially 
differentiated  gonidangia  occur  only  in  some  PhseosporesB,  and 
in  the  RhodophycesB  where  they  usually  produce  each  four  gonidia 
(tetragonidia)  and  are  hence  termed  tetragonidangia :  specially 
differentiated  sporangia  are  developed  in  the  sporophyte  (cysto- 
carp)  of  the  Rhodophycece  where  they  are  termed  carposporavgia^ 
and  probably  also  in  some  Phaeospore® :  these  organs  are  in  all 
cases  unicellular. 

In  the  Cyanophyce83  the  formation  of  spores  is  effected  without 
any  sporangium,  for  in  these  plants  a  cell  of  the  body  is  convei-ted 
into  a  spore  by  simple  encystment. 

As  a  rule  a  sporangium  (or  a  gonidangimn)  gives  rise  to  a  num- 
ber of  spores  (or  gonidia)  ;  but  only  one  gonidium  is  formed  in 
the  gonidangium  of  Vaucheria  (see  p.  115)  and  of  CEdogoniam, 
and  one  spore  in  the  carposporangium  of  the  Rhodophycese. 

The  Life- History  of  the  Algce.  No  alternation  of  generations  can, 
of  course,  be  traced  in  those  Algae,  already  enumerated,  in  which 
either  asexual  or  sexual  reproduction  is  unknown.  In  those  in 
which  both  these  modes  of  reproduction  occur  on  distinct  forms, 
there  is  usually  an  indication  of  alternation  of  generations,  though 
it  has  not  been  traced  in  .all  cases.  Thus,  in  most  Chlorophyceao, 
there  is  an  alternation  of  this  sort  (e.g.  Ulothrix,  Pandorina, 
CEdogonium,  Sphaeroplea),  that  the  zygospore  or  oospore  represents 
the  sporophyte,  constituting  in  fact  a  unicellular  sporangium 
which  produces  two  or  four  zoospores  which,  on  germination,  give 
rise  to  gametophytes.  In  Coleochaete  the  oospore  undergoes  cell- 
division,  forming  a  small  multicellular  sporophyte  each  cell  of 
which  eventually  gives  rise  to  a  zoospore. 

In  'the  Phaeophyceae,  an  alternation  of  generations  appears  to 
occur  in  the  Cutleriaceae,  and  possibly  in  some  other  forms.     The 
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sygospore,  on  germination,  gives  rise  to  a  plant,  more  or  less 
resembling  the  g^metophyte,  which  bears  only  asexaal  reproduc- 
tive organs  (zoosporangia)  and  is  therefore  the  sporophyte. 

In  the  RhodophycesB,  there  is  an  alternation  of  generations,  the 
plant  being  the  gametophyte  (either  actual  or  potential),  the 
fructification  (cystocarp)  developed  from  the  fertilised  female 
organ  (procarp)  being  the  sporophyte.  The  spores  of  the  sporo- 
phyte (carpospores)  give  rise  on  germination  to  gametophy  tes. 

In  discussing  the  alternation  of  generations  of  the  Algae,  it 
must  be  borne  in  mind  that  the  gametophyte  can,  in  many  cases, 
reproduce  itself  by  means  of  gonidia,  and  that  it  may  not  always 
bear  serual  organs :  that  it  may  be,  in  fact,  a  potential  gameto- 
phyte. Instances  of  this  occur  in  Coleochaete,  the  Rhodophycese, 
and  others. 

Other  forms  of  polymorphism  are  of  frequent  occuiTence,  as  in 
the  Cyanophyceae,  Confervoidese,  Batrachosperraum,  Lemanea, 
Characeae  (see  p.  14).  Details  of  these  are  given  in  the  special 
descriptions  of  the  various  families,  in  which  also  a  more  detailed 
account  of  the  alternation  of  generations  will  be  found. 

Sub-Class  I.  CYANOPnYCEiE  (also  called  Phycochromaceas),  or 
blue-green  Algae.  The  body  consists  of  a  single,  more  or  less  nearly 
spherical  cell,  as  in  most  of  the  Chroococcaceae  (e.g,  Gloeocapsa, 
Fig.  163)  ;  or  it  is  a  multicellular  layer  one  cell  thick  {e.g,  Meris- 
mopedia) ;  or  it  is  filamentous,  consisting  of  a  row  of  cells  (e,g. 
Oscillaria,  Nostoc,  Rivularia,  Scytonema).  Wlien  the  body  is 
filamentous,  it  sometimes  presents  a  distinction  of  base  and  apex 
{e.g.  Rivularia)  ;  and  it  is  frequently  branched,  the  branching  being 
either  spurious  {e.g,  Rivularia,  Scytonemeae)  or  true  {i.e.  formation 
of  lateral  growing- points,  e.g.  Sirosiphoneae).  In  most  cases  growth 
and  cell-division  go  on  in  all  the  cells  of  the  body,  but  in  the 
Scytonemaceae  only  at  the  apex.  The  plant  is  usually  free,  but  it 
grows  attached  in  some  species  of  Rivulariaceae  and  Scytonemaceae. 
A  characteristic  feature  of  the  sub-class  is  the  more  or  less  bulky 
mucilaginous  cell-wall  which  invests  the  cells  and  filaments.  The 
filaments  of  the  Oscillariaceae  exhibit  a  gliding,  oscillating  move- 
ment, but  the  mechanism  of  it  is  not  fully  understood. 

Reproduction  is  mainly  effected  in  a  purely  vegetative  manner. 
In  the  unicellular  forms  (Fig.  163)  each  cell-division  necessarily 
leads  to  the  formation  of  new  individuals.  In  the  flattened  forms 
{e.g.  Merismopedia),  when  the  body  reaches  a  certain  limit  of  size, 
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it  simply  breaks  np  into  a  number  of  portions  each  of  wbich 
becomes  a  new  individnal.     In  the  filamentous  forms,  vegetative 


Fie.  163.— Gkeocappft  (x  300)  In 
various  Btat^es.  A  becomes  B  C DE 
by  repeatea  division.    (From  Sachs.) 


.|v->...r^.^i^^.^-vkfirb^v'ii^.r^'j.N..n-4.^TT-i 


Fig.  161.— il  filament  of  Nostoo ;  the  large 
nn^haded  cell  is  a  heterocj^t;  B  portion  of 
it  filament  of  Oscillaria  (x  300). 


propagation  is  effected  by  the  breaking  up  of  the  filament  into 
lengths,  each  such  portion  being  termed  a  hormogonium  ;  in  most 
of  them  (except  Oscillariaceae)  the  limits  of  the  hormogonia  are 
indicated  by  large  inert  cells,  heterocysts  (Fig.  164  -4),  which  differ 
both  in  size  and  colour  from  the  living  cells  of  the  filament.  The 
hormogonia  are  motile,  though  the  mechanism  of  their  movements 
is  not  understood ;  they  eventually  separate,  and,  escaping  from 


X/ 
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Fie.  165.— (After  Tbnret:  x  330).  A  and  B  development  of  a  filament  from  a  hormo- 
gonium of  Noitoc  VMtoarium.  A  cells  of  hormogonium  dividinic  at  right  angles  to  its  long 
axis ;  B  rows  of  cells  formed  as  in  il  uniting  at  alternate  end*,  so  as  to  constitute  a  Nostoc- 
filnment ;  s  heterocysts ;  C  germinatfDg  spores  of  Anabctna  lichtniformU, 

the  common  mucilaginous  cell-wall  of  the  filament,  they  develope 
by  growth  and  cell-division  into  new  filaments  (Fig.  165  A  B). 
In  many  cases  special  reproductive  cells,  spores,  are  produced. 
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Each  Rpore  is  formed  from  a  single  cell  of  the  body,  which  snr- 
ronnds  itself  with  a  thick  firm  exospore;  the  spore  germinates 
under  favonrable  conditions,  the  exospore  being  ruptured  (Fig. 
165  0). 

It  is  possible  that  zoospores  are  produced  in  some  forms,  but 
the  evidence  is  at  present  inconclusive.  No  form  of  sexaal  repro- 
dnction  has  been  observed  in  any  member  of  this  sub- class. 

The  cells  of  the  Cjanophyceee  are  nucleated,  but  the  chlorophyll 
and  the  phycocyanin  appear  to  be  diffused  throughout  the  cyto- 
plasm, and  not  to  be  aggregated  in  special  plastids. 

The  Cyanophycew  are  classified  as  follows : — 
Order  1.    Chroococcaceae.    Unicellular :  sporea  formed. 
Order  2.     Nostocacese.    Filamentous ;  filaments  with   heterocysts,  without 
distinction  of  base  and  apex,  wavy,  nnbranched  ;  growth  intercalary ;  re- 
production by  hormogonia  and  spores  (  Fig.  165). 
Order 3.    Oscillariacese.     Filamentous:  filaments. isolated,  motile,  without 
heterocysts,   without  distinction  of   base  and   apex,  straight,  rigid,  nn- 
branched ;  growth  intercalary ;  reproduction  by  hormogonia ;  no  spores. 
Order  4.     Rivulariace».     Filamentous:   filaments  with  heterocysts,  and  dis- 
tinction of  base  and  apex,    spuriously    branched;  growth  intercalary; 
reproduction  by  hormogonia  and  spores. 
Order  5.    Scytonemaceae.    Filamentous :   filaments  with   heterocysts,    with 
distinction  of  base  and  apex  in  some  forms  (Sirosiphoneae)  but  not  in  others 
(Scytonemeie),  branched  spuriously  (Scytonemee)  or  truly  (Sirosiphones), 
growth  apical  (both  ends  in  Scytonemeie) ;  reproduction  by  hormogonia 
and  spores. 
It  is  donbtful  to  what  extent  these  orders  refllly  represent  distinct  forms,  for 
there  is  evidence  that  some  Cyanophyoeie  assume  the  difTerent  forms  character- 
istic of  these  orders  at  various  stages  in  their  development,  and  under  various 
external  conditions,  that  is,  that  some  at  least  of  tiie  Gj  anophyceas  are  poly- 
morphic, and  this  renders  their  classification  uncertain. 

The  Cyanophyceae  resemble  the  Schizoraycetcs,  among  the  Fungi, 
in  many  respects;  as,  for  instance,  in  their  general  form  and  struc- 
ture, in  their  vegetative  multiplication,  in  their  spore-formation, 
in  the  absence  of  sexual  reproduction,  in  the  formation  of  a  bulky 
mucilaginous  cell-wall,  and  in  their  polymorphism.  On  these 
grounds  they  are  frequently  placed,  along  with  the  Schizomycetes, 
in  a  distinct  class  Schizophyta.  But  this  arrangement  does  not 
seem  to  secure  any  special  advantage.  It  is  more  natural  to  regard 
the  Cyanophyceae  and  the  Schizomycetes  as  parallel  groups,  the 
one  belonging  to  the  Algae,  the  other  to  the  Fungi. 

Some  of  the  Cyanophyceae  are  endophytic,  that  is,  they  inhabit  the 
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tissDes  of  higher  plants ;  thas,  Nostoc  is  constantly  fonnd  in  the 
tissue  of  cei'tain  Hepaticad  (Blasia  and  Anthoceros),  in  the  porons 
cells  of  the  leaves  of  Sphagnnm  (Moss),  and  in  the  tissue  of  the 
stem  of  Gunnera  (Dicotyledon). 

The  Cyanophyce»  are  both  marine  and  fresh-water ;  many  grow 
on  damp  walls,  rocks,  etc. 

Sub-Class  II.  Chlorophtce^,  or  Green  Algee.  In  the  simpler 
forms  the  plant  (that  is,  the  g^metophyte  in  all  species  which  are 
sexual)  consists  of  a  single  cell  {e.g,  Protococcoidese,  some  Desmi- 
dieaB)  ;  or  it  is  ccenocytic,  as  in  the  Siphonoideae,  either  unseptate 
(SiphonaceeB)  or  incompletely  septate  (Cladophoraceae,  Hydrodic- 
tyaceeB)  ;  it  is,  in  fact,  only  in  this  sub-class  that  the  ccenocytic 
structure  occars  among  the  Algae ;  or  the  body  is  multicellular, 
with  essentially  similar  cells  and  therefore  coenobitic  (e.^.  Spiro- 
gyra,  Pandonna,  Ulva),  or  eziiibiting  at  least  a  distinction  be- 
tween vegetative  and  reproductive  cells  (e.gr.  Vol  vox,  Chara).  The 
only  members  of  the  sub-class  in  which  there  is  any  appreciable 
differentiation  of  the  vegetative  cells  are  the  Characeee. 

The  body  presents  all  degrees  of  morphological  differentiation  ; 
it  may  be  a  tballus,  either  spherical  (e,g.  HaBmatococcus,  Volvox), 
or  filamentous  {e.g,  Spirogyra,  Ulothrix),  or  a  flattened  expansion 
{e.g,  Ulva,  ColeochaBte)  ;  or  a  filament  with  rudimentary  differen- 
tiation into  root  and  shoot  (e.g.  CEidogonium) ;  or  it  may  present 
differentiation  into  stem,  leaf,  and  root  (e.g,  Caulerpa,  Fig.  162, 
Characeae).  It  may  be  free  or  attached.  Growth  and  cell-division 
commonly  go  on  in  all  the  cells  of  the  body,  so  that  the  growth  is 
intercalary  {e.g.  Spirogyra,  CEdogonium,  Ulva);  it  is  but  rarely  that 
there  is  a  definite  growing- point,  and  then  it  is  apical  (Coleochaete, 
Characeae,  some  Siphonoideae) ;  and  in  the  cellular  plants  which 
have  an  apical  growing- point,  there  is  a  single  apical  cell. 

The  sporophyte  is  very  simple,  both  histologically  and  morpho- 
logically, in  this  sub-class.  In  most  cases  it  is  represented  by  the 
sexually-produced  spore  {e.g.  Pandorina,  CEdogonium,  Sphaeroplea) 
the  contents  of  which  undergo  diviHion,  and,  on  germination,  are 
set  free  as  zoospores.  In  Coleochaete  alone  docs  the  oospore  under- 
go division  with  the  formation  of  septa,  so  that  the  sporophyte 
is  multicellular,  but  even  in  this  case  is  qnite  rudimentary. 

Vegetative  multiplication  by  division  occurs  in  some  of  the  lowei* 
forms  {e.g.  Protococcoideae)  of  this  sub-class.  Reproduction  by 
zoospores  and  zoogonidia  is  general  (absent  in  Pleurococcaceae, 
Conjugatae,  most  Volvocoideae,  Characeae);  they  are  formed,  not  in 
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specialised  reprodnctive  organs,  bnt  iu  any  cell  or  part  of  the  body. 
A  sexual  process  has  been  observed  in  members  of  every  division 
of  this  snb-class  :  it  is  either  isogamoas,  consisting  in  the  fusion  of 
planogametes  or  aplanogametes  (Conjugat®),  with  the  formation 
of  a  zygospore  ;  or  oogamons,  consisting  in  the  fertilisation  of  an 
oosphere,  which  is  in  no  case  extruded  from  the  female  organ,  by 
a  spermatozoid,  with  the  formation  of  an  oospore.  The  sexaal 
organs  are  either  gametangia,  or  antheridia  and  oogonia ;  they  are 
unicellular  in  all  the  cellular  forms  (except  the  antheridium  of 
Charace»  and  that  of  some  species  of  (Edogonium),  and  present 
various  degrees  of  specialisation.  A  gametangium  gives  rise  to 
many  planogametes,  but  to  not  more  than  one  aplanogamete ;  the 
oogonium  produces  but  a  single  oosphere,  except  in  the  coenocytic 
SphsBroplea;  the  unicellular  (as  also  the  coenocytic)  antheridium 
gives  rise  to  numerous  spermatozoids,  except  in  Coleochspte  and  in 
some  species  of  CEdogonium  where  it  forms  only  one;  in  the  multi- 
cellular antheridium  of  the  CharacesB,  numerous  spermatozoids 
are  developed  singly  in  distinct  mother-cells  (see  p.  115). 

In  those  ChlorophyceaB  in  which  both  sexual  and  asexual  spore- 
formation  takes  place,  the  life-history  generally  presents  an  alter- 
nation of  generations..  There  is,  in  addition  to  this,  considerable 
polymorphism  in  many  members  of  the  sub-class,  so  that  various 
forms  which  were  considei-ed  to  be  independent  members  of  the 
simpler  families  are  now  known  to  be  merely  ])hases  in  the  life- 
history  of  more  complex  forms ;  for  instance,  various  unicellular 
forms,  such  as  Protococcus,  Palmella,  Gloeocystis,  etc.,  formerly 
classed  among  the  Protococcaceae,  are  now  known  to  be  stages  in 
the  life-history  of  other  ProtococcoideeB,  Confervoideee,  Siph- 
onoidesB,  etc. 

The  ChlorophycesB  may  be  classified  as  follows  : — 

Series  I.  Protococcoideae :  plants  unicellular,  isolated  or  held  together  by 
mucil&giuous  cell-walls  into  colonies ;  non-motile ;  the  body  is  a  thallus, 
and  has  no  apical  growth ;  reproduction,  vegetative  by  division,  asexual  by 
zoospores,  rarely  sexaal  and  isogamous  with  conjugation  of  planogametes. 

Series  II.  Yolvocoidese :  plants  unicellular  or  multicellular,  and  when  multi- 
cellular not  filamentous ;  not  attached,  motile  by  means  of  cilia ;  the  body 
is  a  thallus,  with  limited  growth  ;  reproduction,  vegetative  by  division, 
asexual  by  zoospores^  no  zoogonidia ;  sexual,  either  isogamous  with  con- 
jugation of  planogametes,  or  oogamous. 

Series  IlL  Siphonoideee  :  plants  ca'uocytic,  unseptate  or  incompletely  septate ; 
uoD-motile  ;  the  body  may  be  a  thallus  or  may  be  differentiated  into  stem, 
leaf,  and  root ;  with  or  without  apical  growth ;  reproduction,  a&exual  by 
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zoogonidia  and  zoospores;    sexoal,  either  isogamous  (planogametes),  or 
oogamous. 
Series  IV.    Confervoidesa :  plants  generally  multicellular,  filamentous,  branched 
or  unbranohed  ;  growth  frequently  intercalary,  rarely  apical ;  body  attached 
or  floating,  a  thallus,  or  sometimes  with  rudimentary  differentiation  into 
root  and  shoot;   reproduction,  asexual  by  zoogonidia  and  zoospores,  in 
some  cases ;  sexual,  isogamous  (either  planogametes  or  aplanogametes),  or 
oogamous. 
Series  Y.    Gharoideie :  plants  multicellular ;  body  attached,  differentiated  into 
stem    (with    apical   growth),    leaf,    and    root;    reproduction,   vegetative 
by  gemmsB,  no  zoogonidia  or  zoospores;  sexual,  oogamous,  with  multi- 
cellular antheridium  of  complex  structure. 
Series  I.    Protococcoidea.      The  forms  included  in  this  series  are  very 
various,  and,  inasmuch  as  their  life-history  is  for  the  most  part  imperfectly 
known,  it  is  uncertain  to  what  extent  they  are  independent,  or  are  only  phases 
in  the  life-history  of  each  other  or  of  higher  GhlorophyoesB.    It  appears,  how- 
ever, that  they  may  be  fairly  classified  into  two  orders : — 

Order  1.     Pleurococcacese :  cells  isolated,  or  aggregated  into  colonies  of 
more  or  less  definite  form ;  multiply  only  by  cell-division ;  no  other  mode  of 
reproiluction. 

^^^  To  this  order  belong  such  isolated  forms  as  Pleuro- 

Sb^    (SQ  coccus,  Oocystis,  and  Eremospbeera  ;  and  such  aggre- 

^^^     ^3^  gate  forms  as  Palmophyllum,  Palmodictyon,  Sceue- 

desmus.    They  generally  grow  in  fresh  water;  but 
Pleurococcus  grows  on  damp  trees,  stones,  etc.,  and 
Palmophyllum  is  marine. 
fl«_P7  Order  2.     Protococcaceae  :     cells    isolated,    or 

vulgoHB  (x640)  :'"cdl»'^di!      agg^'cgated  into  colonies  of  more  or  less  definite  form  ; 
viding.  multiplication  by  cell-division  is  not  general;    re- 

production, asexual  by  zoospores,  or,  less  commouly, 
sexual  isogamous  (planogametes). 

This  order  includes  (1)  isolated  unicellular  formp,  either  free,  such  as 
Ohlorocoocum,  HalosphsBra;  or  attached  at  one  end,  such  as  Soiadium, 
Characium ;  or  inhabiting  the  tissues  of  higher  plants,  such  as  Chlorochytrium, 
Phyllobium,  Endosphsera;  (2)  cells  aggregated  into  mucilaginous  masses  of 
indeterminate  form,  e,g,  ChlorospbsBra  which  lies  in  or  on  submerged  fresh- 
water-plants; (3)  cells  aggregated  into  mucilaginous  masses  of  determinate 
form,  the  whole  colony  beiog  generally  attached  at  some  definite  point  {e.g, 
Apiocystis,  Tetraspora,  Palmodactylon,  Mischococcus,  Hormotila,  Oocardium), 
or  free-floating  {e.g.  Diotjosphterium,  Botryoooccus). 

In  some  of  these  forms  there  is  what  is  termed  a  Palmella-stage,  in  which 
the  cells  multiply  by  division,  surrounded  by  mucilage  (e.g,  Hormotila, 
Characium). 

Isogamous  reproduction  by  means  of  planogametes  is  known  in  Tetraspora, 
Mischococcus,  Chlorochytrium,  EndosphsBra,  Phyllobium.  The  zygospore,  on 
germination,  usually  gives  rise  to  one  or  two  zoospores ;  but  in  the  endophytic 
forms  (Chlorochytrium,  Phyllobium,  Eodosphtera)  the  still  motile  product  of 
conjugation,  the  zygozoospore,  penetrates  into  the  tissues  of  its  future  host. 
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and,  Barrouuding  itself  with  a  cell-wall,  directly  constitates    itself   a   new 
individual . 

Series  II.  Volyocoidea.  The  body,  in  this  series,  is  free-swimming  for  at 
least  a  considerable  portion  of  its  life,  and  consists  of  one  or  more  cells  clothed 
with  a  somewhat  macilaginous  cell-wall,  through  which  the  cilia  (usaally  two 
from  each  cell)  project  into  the  winter.  According  to  the  nnicellular  or  multi- 
eellular  structure  of  the  body,  two  orders  may  be  distinguished  : — 

Order  1.  Ghlamydomonadaceae  :  body  a  single  cell,  resembling  in  many 
cases  a  zoospore  in  appearance,  but  dilFering  essentially  from  it  in  possessiug  a 
cell-wall ;  some  forms  have  a  resting  Palmella- stage,  in  which  they  multiply  by 
division ;  sexual  process,  generally  isogamous  with  fusion  of  planogametes,  but 
sometimes  in  Ghlamydomonas  it  is  really  oogamous,  consisting  in  the  fusion  of 
a  small  (male)  aplanogamete  with  a  larger  (female)  aplanogamete ;  the  repro- 
ductive cells  (planogametes  or  aplanogametes)  are  formed  by  division  ;  the 
zygospore  represents  the  sporophyte,  and  generally  gives  rise,  on  germination, 
to  two  or  four  motile  or  non- 
motile  individuals. 

The  principal  Renera  are  Ghla- 
mydomonas,    UsematococcuB    (or       \ 
Sphsrella),  Pbacotus. 

Order  2.  Volvo caceae  :  body 
multicellular,  consisting  of  a  de- 
finite or  an  indefinite  number  of 
cells,  which  may  be  all  alike 
(coBnobium),  or  there  may  be  a 
distinction  between  vegetative  and 
reproductive  cells ;  vegetative  re- 
production, by  division  of  any  or 
all  of  the  cells  of  the  body,  or  of 
certain  special  gonidial  cells  (Vol- 
Tox),  from  each  of  which  a  new 

individual  is  formed :  sexual  re-        ^      ,^.     «    ,    .     «•        /    ^/^.x     a 

.  .  t        ,  Fio.  107.— Ponaonnairoriim(x400).    il  vege- 

piodoction,   isogamous  by  piano-      tativestaije.  B  two  planogametes  in  procew  of 
gametes,  or  oogamous.  oonjagation. 

The  order  may  be  divided  into 
two  families  in  accordance  with  the  nature  of  the  sexual  process  : 

Fam.  1.  Pandorinea :  sexual  process  isogamous;  body  a  coenobium  consisting 
of  a  definite  number  (usually  16  in  Gonium  and  Pandorina,  and  8  in 
Stepbanosphiera)  of  cells ;  any  of  the  cells  may  divide  to  form  a  new  individual, 
or  to  form  planogametes ;  the  zygospore  (at  least  in  Pandorina)  representing 
the  sporophyte,  sets  free  one  or  two  zooppores  on  germination. 

The  body  of  Pandorina  is  a  solid  sphere  (Fig.  167) ;  that  of  Oonium  is  a 
flat,  square  plate  of  cells ;  that  of  Stepbanosphiera  consists  of  a  zone  of  cells 
lying  on  the  equator  of  the  more  or  less  nearly  spherical  mucilaginous  common 
cell-wall. 

Fam.  2.  Eudcrinea  :  sexual  process  oogamous ;  body,  a  hollow  sphere,  either 
a  C€enobium  consisting  of  a  definite  number  (gener-Uy  32)  of  cells  (Eudorina) ; 
or  consisting  of  a  very  large  number  of  cells,  some  of  which  are  specially 
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differentiated  as  reproductive  organs  (Volyoz).  Endorina  is  diceoioas,  the  cells 
of  the  body  of  any  one  individual  becoming  either  all  oogonia  or  all  antheridia ; 
Volvox  is  sometimes  moncecions,  sometimes  dioecions.  The  oonteuts  of  the 
oospore  undergo  repeated  bipartition  until  the  requisite  number  of  eells  to 
form  a  new  individual  is  attained.  The  vegetative  development  of  new  indi- 
viduali*  from  the  body-cells  of  Eadorina,  and  from  the  special  gonidial  cells  of 

Volvox,  takes  place  in 
^  precisely  the  same  way 

as  the  development  from 
the  oospore.  In  Volvox. 
the  small  individuals 
formed  vegetatively  from 
the  gonidial  cells  are  set 
free  into  the  cavity  of 
the  parent,  where  they 
remain  until  it  dies,  when 
they  are  set  free.  The 
sperraatozoi Js  of  Volvox 
and  Eudorina  are  club- 
shnped,  yellow,  with  a 
red  eye-spot  (see  p.  102), 
and  bear  two  cilia,  either 
at  the  pointed  end  (Eu- 
dorina), or  inserted  la- 
terally (Volvjx). 
Series  III.    SipnoNOi- 

DEiB.     The    forms    in- 
Fio.  168.  — Folw*  Glohator  (after  Cohn  ;    x  abocife  100),  . 

monoecious,  with  antheridia  o,  and  oogonia  6.  eluded    m    this     series 

may  be  arranged  in  the 
three  following  orders :— SiphonoceaB,  Gladophoraceas,  HydrodictyaceaB. 

Order  1.  Siphonaceae.  The  body  is  an  unseptate  ccenoeyte,  septa  being 
only  formed  in  connexion  with  the  development  of  reproductive  organs ;  it  is 
usually  attached,  and  presents  a  considerable  variety  of  form  ;  it  may  be  thalloid 
and  then  be  tubular  and  much  branched  (usually  in  Vaucheria,  Fig.  169, 
Phyllosiphon) ;  or  it  may  be  differentiated  into  root  and  shoot,  the  shoot 
assuming  various  forms,  such  as  a  rounded  cudhion  {Codivm  JJitrsa)^  or  a 
simple  vesicle  (Botrydium,  Fig.  171);  or  the  shoot  maybe  differentiated  into 
stem  and  leaf  (Acetabularia,  Fig.  170,  Bryopsis,  Caulerpa.  Fig.  162);  it  has 
sometimes  continuous  apical  growth  {e.g.  Vaucheria) ;  the  wall  is  sometimes 
impregnated  with  chalk  {e.g.  Halimoda,  Acetabularia). 

Asexual  reproduction  is  known  to  take  place  in  only  a  few  forms:  it  is 
effected  by  zoogonidia  in  Botrydium,  where  they  are  uniciliate :  in  Vaucheria, 
where  they  are  multiciliate  (see  Fig.  75) ;  in  Derbesia,  with  a  group  of  cilia  at 
the  anterior  end.;  in  Hal imeda,  where  they  are  biciliate ;  in  Phyllosiphon,  which 
is  endophytic  on  Arisarum  vulgare,  it  is  effected  by  non-motile  gonidia,  as  it  is 
sometimes  also  in  Vaucheria.  In  Vaucheria  the  gonidia  are  formed  singly  in 
pimple  gonidangia  formed  by  septation  of  branches  of  the  body ;  in  Botrydium 
aud  Pliyllosiphon  they  are  formed  in  large  numbers,  in  the  former  from  th^ 
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whole  protoplacm  of  the  body,  iu  the  latter  from  that  of  snocessive  branches  of 


Fie.  168.— fai(e?i«na  sefsilu  (x  30).  A  gp  A  newly-formed  zoogonicliam.  B  A  resiins; 
Eoogonidium.  C,  The  commencement,  D  and  K  more  advanced  stages,  of  geimination ; 
tp  soogonidiam;  •  apex  of  ibe  green  filament;  io  a  colonrlees  advenlitioas  root.  F  Fila- 
ment with  eeznal  orgariB ;  og  oogonium :  H  antheridlam  after  rupture.    (After  Sachs.) 


Fig.  170.— iiwtabulorui  crenulata  (after  Kutz- 
ing;  nat.  size);  the  terminal  circular  dii«c  con- 
nintB  of  a  whorl  of  coherent  leaves;  in  these 
the  gametangia  are  formed. 


Fio.  171. — Botrydium  granulahim 
( X  6) :  8  the  gn^en  shoot ;  w  the 
colourless  root. 
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the  tabular  body;  in  Derbesia  and  Halimeda  there  are  definite  gonidangia, 
each  producing  a  number  of  zoogonidia. 

Sexual  reproduction  is  generally  isogamous  by  planogametes :  Yaucheria  is 
the  only  known  oogamous  form.  Isogamy  is  known,  certainly  or  probably,  in 
Botrydium,  Bryopsis  (?),  Ck>dium  (?),  Dasyoladus,  Aoetabnlaria.  In  Botrydium 
and  Acetabolaria  the  gametangia  are  formed  by  the  aggregation  of  the  proto- 
plasm (in  the  coherent  leaves  of  the  latter)  into  rounded  masses  which  become 
surrounded  by  a  wall,  and  are  set  free  by  the  rupture  of  the  parent  organism ; 
their  contents  undergo  frequent  division  to  produce  the  planogametes  which  are 
eventually  set  free ;  in  Dasycladas  and  Godium  the  unilocular  gametangia  are 
rounded  or  oval,  and  are  borne,  in  the  former,  terminally  on  the  leaves,  and  in 
the  latter,  as  lateral  outgrowths  on  the  thalloid  shoot ;  in  Bryopsis  the  small 
tubular  leaves  act  as  gametangia,  being  shut  off  by  a  septum  from  the  branch 
bearing  them. 

In  Botrydium,  Acetabularia,  and  Dasycladus,  the  conjugating  gametes  are 
quite  similar ;  but  in  Bryopsis  and  in  Codium,  the  one  (male)  is  small  and 
brown  or  yellow,  the  other  (female)  is  larger  and  green. 

In  Yaucheria,  the  sexual  organs  are  unilocular  antheridia  and  oogonia,  and 
are  developed  as  lateral  branches  which  become  shut  off  by  a  septum  (Fig.  169) ; 
each  antheridium  gives  rise  to  a  number  of  biciliate  spermatozoids ;  each  oo- 
gonium gives  rise  to  a  single  oosphere  which  is  not  extruded,  and  has  a  hyaline 
receptive  spot  directed  towards  the  opening  of  the  oogonium. 

So  far  as  the  life -history  of  the  Siphonace»  is  known,  there  is  no  indication 
of  an  alternation  of  generations ;  the  plant  is,  in  all  cases,  the  gametophyte,  and 
the  product  of  the  sexual  process  is  a  zygospore  or  an  oospore  which,  on  ger- 
mination, developes  directly  into  a  new  gametophyte. 
The  following  are  the  families  of  the  Siphonaceaa : — 

Fam.  1.     Vancherlea  :  oogaiuous  ;  body,  simply  tubular  and  branched ;  in- 
cludes the  single  genns  Yaucheria ;  marine  and  fresh-water. 
Fam.  2.    Derhesica :    probably    isogamous ;     body     simply    tubular    and 

branched ;  single  genus  Derbesia ;  marine. 
Fam.  3.    Codiea :   isogamous,  so  far  as  known ;  body,  tubular  and  mnch 
branched,  the  branches  interwoven  into  a  tissue,  assuming  various 
forms ;  principal  genera,  Codium,  Halimeda,  Udotea  ;  marine. 
Fam.  4.    Dofycladea :  isogamous ;  body  tabular,  short,  differentiated  into 
stem  and  leaf,  the  stem  being  an  erect  main  aiis ;  leaves  whorled, 
or  bilaterally  arranged  (Bryopsis) ;  principal  genera,  Dasycladus, 
Acetabularia,  Bryopsis ;  marine. 
Fam.  5.     Caulerpea  :  reproduction  not  known ;  body,  differentiated  into  root 
stem  and  leaf,  dorsiventral ;  stem  creeping,  bearing  roots  be- 
low and  leaves  above ;   genus,  Caulerpa  (Fig.  162) ;  marine. 
Fam.  6.    Botnjdiea :  isogamous ;  body  differentiated  into  root  and  shoot ; 
shoot,  vesicular,  thalloid  and  unbranched;    genus,  Botrydium 
on  mud. 
Fam.  7.    PhyHo$iphonea :   sexual  reproduction  not  known ;  asexual  repro- 
duction by  non -motile  gonidia ;  body,  tabular  branched,  or  vesi- 
cular and  unbranched,  thalloid;  endophytic;  genera,  Phyllosiphon 
in  leaves  of  Arisarum  vufgare,  Phytophysa  in  shoots  of  Pilea. 
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Order  2.  Cladophoraceae.  The  body  ia  incompletely  septate  and  the 
segments  are  ooBuocytic  ;  it  is  filamentous,  branched  or  nubranched,  sometimes 
differentiated  into  root  and  thalloid  shoot,  attached  or  free-floating,  the  shoot 
with  or  without  apical  growth :  reproduction,  asexual  by  zoogonidia ;  sexual, 
isogamons,  or  oogamous. 

The  order  comprises  the  families  SphsBroplesa.  Gladophoresa,  and  YaloniesB. 

Fam.  1.  SpharopUa :  the  body  consists  of  floating  nnbranohed  filaments, 
without  distinction  of  base  and  apex,  and 
with  intercalary  growth.  Each  segment  con- 
tains numerous  small  chloroplastids  as  well 
as  some  larger  chloroplastids  with  pyrenoids. 
Any  segment  of  the  body  may  become  a 
sexual  reproductive  organ,  either  an  oogon- 
ium or  an  antberidium,  without  any  change 
of  form ;  in  the  oogonium  several  oospberes 
are  formed  by  free  cell- formation  (see  p.  121), 
and  likewise  in  the  antheridium,  after  re- 
peated nuclear  division,  a  great  number  of 
spermatozoids ;  the  oospheres  are  not  ex- 
truded, but  are  fertilised  in  the  oogonium 
by  spermatozoids  which  enter  through  an 
opening  formed  in  the  wall ;  the  oospore,  at 
first  green,  assumes  a  bright  red  colour,  and 
on  germination  sets  free  2-8  zoospores,  each 
of  which  gives  rise  to  a  new  filament :  thus 
the  life-history  indicates  an  alternation  of 
generations,  the  oospore  representing  the 
sporophyte.  Spbieroplea  is  the  only  genus, 
and  it  comprises  but  one  species — S.  an- 
nidina. 

Fam.  2.  Cladophorea :  body  filamentous, 
generally  attached  by  a  basal  root-segment, 
branched  {e.g.  Gladopbora,  Pithopbora)  or 
unbranched  (e.g.  Urospora,  Chsetomorpha, 
Bhizocloninm),  with  usually  intercalary 
growth  (though  it  is  apical  in  Gladophora  and 
Pithopbora) ;  each  segment  contains  a  peri- 
pheral layer  of  chloroplastids  (Fig.  172), 
eontinuous  or  interrupted,  in  which  are 
scattered  pjrenoids;  reproduction,  asexual 
by  zoogonidia  (except  Bhizoclonium  and 
Pithopbora) ;  an  isogamons  sexual  process 
between  planogametes  has  been  observed  in 
Urospora  and  Cladophora;  reproductive  cells 
formed  in  all  or  any  of  the  segments  of  the 
body  without  special  modification ;  the  zygo- 
spore appears  to  develope  directly  into  a  new 
plaut  {Cladophora),  so  that  the  sporophyte  is  not  represented  in  the  life-history 


Fxe.  171.  —  Cladophora  glovMrata 
(after  Strasburger  s  x  610).  A 
ccenocyte  of  the  filament  (chromic 
acid  and  carmine  preparation) : 
nanncleas;  cH  a chloroplastid;  thi* 
polygonal  chloroplastids  form  a 
oontinuoas  layer,  the  oatlines  of 
the  individual  plaetids  remaining 
visible;  p  pyrenoids;  v  starch- 
grains. 


V.  8.  B. 
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Vegetative  propagation  oooors  in  some  forms:  an  entire  segment  l[Bhizo- 
donium),  or  a  part  of  a  segment  (Pithophora),  or  several  parts  of  a  repeatedly 
septated  segment  (Urospora)  become  densely  filled  with  protoplasmic  contents ' 
and  then  break  away  from  the  body,  and  germinate  either  at  once  or  after  a 
period  of  rest ;  in  Urospora  this  body,  which  appears  in  all  cases  to  be  of  the 
nature  of  a  gemma,  sometimes  gives  rise  to  zoogonidia. 

Cladophora  and  Chietomorpha  occur  in  both  salt  and  fresh  water ;  Pithophora 
exclusively  in  fresh  water ;  Urospora  exclusively  in  salt  water ;  Bhi;&oclonium 
occurs  both  in  fresh  and  salt  water,  and  also  in  damp  soil. 

Fam.  3.  ValonUa :  body,  essentially  tubular  and  much  branched,  attached 
by  a  root,  the  thalloid  shoot  presenting  various  forms  (vesicular  or  clavate,  or 
a  flattened  expansion),  with  apical  giowth ;  the  only  form  of  reproduction 
known  is  asexual  by  zoogonidia  (in  Yalonia,  Siphonocladns,  Anadyomene) : 
principal  genera,  Yalonia,  DiotyoBphseria,  Siphonodadus,  Struvea,  Anadyomene ; 
all  marine. 

Order  8.  Hydrodictyaceae :  body  thalloid,  a  non-motile  unattached 
cceuobium,  formed  by  the  aggregation  of  originally  distinct  cells,  of  limited 
growth;  a  net  (Hydrodictyon),  or  a  flat  plate  (Pediastrum),  or  a  solid  sphere 
(Sorastrum),  or  a  hollow  sphere  (Gcelastrum) :  reproduction,  asexual  by  zoo- 
gonidia (Hydrodictyon,  Pediastrum)  or  non-motile  gonidia  (Coalastrnm,  Sora- 
strum) ;  sexual,  isogamous  by  planogametes  (known  only  in  Hydrodictyon  and 
Pediastrum). 

It  appears  that  Coelastrum  and  Sorastrum  are  really  cellular  plants,  each 
segment  of  the  body  being  a  cell  with  a  single  nucleus. 

All  four  genf  ra  are  confined  to  fresh  water. 

The  following  is  a  brief  sketch  of  the  life-history  of  Hydrodictyon.  The 
asexual  reproduction  of  this  plant  consists  in  the  formation  of  a  large  number 
(7,000-20,000)  of  zoogonidia  in  any  one  of  the  segments  of  the  coenobimn ;  the 
zoogonidia  d6  not  escape  from  the  segment  (gonidangium),  but  swim  actively 
within  it  for  a  time,  when  they  come  to  rest,  cohering,  as  they  do  so,  to  form  a 
small  net-like  coonobium,  which  is  eventually  set  free  by  the  disorganisation  of 
the  wall  of  the  gonidangium,  and  then  grows  to  the  full  size.  The  sexual  re- 
production consists  in  the  formation  in  a  segment  (gametangium)  of  the 
coenobium,  of  a  very  large  number  (30,00^-100,000)  of  small  planogametes ;  these 
are  set  free  into  the  water,  and  conjugate  to  form  zygospores.  The  zygospore, 
which  has  a  tbick  wall  and  is  angular  in  form,  undergoes  a  period  of  quiescence ; 
on  germination  its  contents  divide  into  two  or  more  cells  which  are  set  free  as 
zoospores,  and,  after  a  brief  period  of  motility,  come  to  rest.  Each  then  sur- 
rounds iiself  with  a  thick  cell- wall,  and  assumes  a  peculiar  angular  form,  on 
account  of  which  it  has  been  termed  the  polyhedron-stage.  The  polyhedron 
grows  and  its  contents  divide  into  a  number  of  zoospores ;  the  outer  coat  of  the 
polyhedron  then  ruptures,  and  the  contents,  surrounded  by  the  thin  inner  ooat, 
are  extruded;  the  zoospores  then  arrange  themselves  into  a  small  Hydro- 
dictyon-plant.  Thus  the  life-history  of  Hydrodictyon  presents  a  definite  alter- 
nation of  generations ;  the  plant  is  the  gametophyte ;  the  zygospore  and  the 
polyhedron  together  represent  the  sporophyte. 

The  life-history  of  Pediastrum  is  essentially  the  sime  as  that  of  Hydrodictyon ; 
but  in  Pediastmm  the  zoogonidia  are  set  free  from  the  gonidangium,  sor- 
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rounded  by  a  delicate  membraae  within  which  they  oome  to  reet  and  cohere 
to  form  a  Pediastrum-plant. 

In  CoBlastmin  and  Sorastram  the  gonidia  formed  in  the  mother-cell  either  at 
once  nnite  to  form  a  new  coenobiam,  or  they  may  be  set  free,  and  then  each 
nndergoes  repeated  division  to  form  a  new  cceuobiam.  In  yiew  of  the  state- 
ment that  these  two  genera  are  not  ooenooytic,  bat  cellular,  and  of  the  fact  that 
in  them  the  ooenobiam  may  be  formed  by  cell -division,  it  appears  that  their 
affinities  are  rather  with  the  Protococeoideie  than  with  the  Siphonoideae. 

Series  IV.    Gonfbbvoidva.    The  forms  included  in  this  series  may  be  arranged 

in  the  following  orders : — 
Sub-series  A.     Azoosporeie :  no  zoogonidia  or  zoospores. 

Order  1.    Conjugate  :  sexnal  reproduction  by  aplanogametes. 
Sub-series  B,  Zoosporee ;  asexual  reproduction  by  zoogouidia  and  zoospores. 
Itogamofu  Order*  :  — 

Order  2.    Ulothrichacese :  body  filamentous,  unbranehed. 

Order  3.     Chsetophoracefe :  body  filameotout,  branched. 

Order  4.    Ulvaoeie  :  body  a  flat  or  tubular  cellular  expansion. 
Oogamous  Orders : — 

Order  5.  CEdogoniaoee :  body  Blameotons,  unbranehed  (except  Bulbochaete) . 

Order  6.  GoleoohsBtaces :  body  filamentous,  branched ;  oogonium  with  a 
trichogyne ;  sporophyte  multicellular. 

An  asexual  formation  of  spores  takes  place  in  all  the  GonfervoideaB,  except  the 
GoDJugatflB.  The  sporophyte,  in  all  oases  in  which  it  is  fully  known,  gives  rise 
to  zoospores.  The  gametophyte  multiplies  itself  by  means  of  zoogonidia,  and 
in  some  oases  (ChsBtophoraeea)  by  means  of  resting  gonidia.  The  gonidangia 
are  not  differentiated,  as  any  cell  of  the  body  may  act  as  one.  Several  zoospores 
are  usually  developed  in  a  single  sporangial  cell,  but  in  some  oases  only  one 
(e,g.  zoogonidia  of  CBdogonium  and  Coleocbiete,  zoospores  of  ColeochsBte). 

A  sexual  formation  of  spores  takes  place  in  all  the  GonfervoideaB ;  in  the 
isogamous  forms  the  product  of  conjugation  is  a  zygospore ;  in  the  oogamoas 
forms  it  is  an  oospore.  In  the  isogamous  forms  the  sexnal  organs,  or  game- 
tangia,  are  not  differentiated ;  any  or  all  of  the  cells  of  the  body  may  act  as 
gametangia;  the  sexual  cells  are  (except  in  the  Gonjugatfe)  free-swimming  simi- 
lar planogametes ;  in  the  Gonjugatae  the  gametes  are  not  set  free  into  the  water 
and  they  are  not  ciliated.  In  some  cases  (e.g.  Ulothrix,  Ghroolepus)  the  piano- 
gametes,  if  they  fail  to  conjugate,  are  capable  of  independent  germination,  thus 
showing  their  imperfect  sexual  differentiation.  The  planogametes  usually 
differ  from  the  zoogonidia  in  being  smaller.  In  tbe  oogamous  forms  the  sexual 
organs  are  antheridia  and  oogonia ;  they  are  more  or  less  markedly  differen- 
tiated.  The  sexual  cells  are  oospheres  and  spermatozoids.  The  oospheres  are 
formed  singly  in  the  oogonium.  The  spermatozoids  are  formed  singly  in  the 
mother-cell;  they  resemble  tbe  zoogonidia  of  the  respective  plants,  but  are 
smaller  and  are  not  green. 

The  life-history  of  the  GonfervoideaB  has  been  investigated  with  success  in 
only  a  few  forms  (some  GonjugataB,  Ulothrix,  (Edogonium,  Goleochste).  In 
the  GonjagataB.  as  there  is  no  asexual  production  of  spores,  there  is  no  alterna- 
tion of  generations ;  in  the  others  such  an  alternation  can  be  traced.    In  these 
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forms,  the  plant  is  the  gametophyte,  prodaoing  not  only  the  sexual  cells,  bnt 
also  zoogonidia.  The  sporophyte  is  the  zygospore  (Ulothrix),  or  the  oospore 
((Edogonium),  or  a  structure  developed  by  cell -division  from  the  oospore 
(Coleochaete).  Id  Ulothrix  and  (Edogonium,  the  contents  of  the  spore,  whether 
zygospore  or  oospore,  undergo  division  giving  rise  to  two  or  more  zoospores 
which  are  set  free  and,  after  a  longer  or  shorter  period  of  movement,  come  to 
rest  and  germinate,  each  developing  into  a  gametopbyte.  In  Ck)leoch8Bte,  the 
contents  of  the  oospore  likewise  undergo  division,  but  the  product  is  not  several 
zoospores ;  it  is  a  small  multicellular  body  which  constitutes  the  sporophyte, 
each  cell  of  which  eventually  sets  free  its  contents  as  a  single  zoospore  which, 
on  ccmiing  to  rest,  developes  into  a  gametophyte. 

It  must  be  noted  that  in  this  series,  as  in  others,  the  gametophyte  does  not 
always  actually  produce  sexual  organs ;  thus,  in  Coleochste,  there  is  generally 
a  succession  of  such  potential  gametophytes  produced  by  means  of  zoogonidia 
before  an  actual  gametophyte  makes  its  appearance. 

There  is  evidence  of  considerable  further  polymorphism  in  the  members  of 
this  group :  some  of  them  appear  to  have  protococcoid  or  palmelloid  forms ; 
the  flattened  expanded  forms  have  filamentous  stages,  etc. 

The  following  is  a  brief  account  of  the  orders  of  the  Confervoide®  : — 
Order  1.    Conjugatae ;   the  characteristics  of    this   sub-order  have  been 
already  stated ;  it  need  only  be  added  that  the  plants  are  usually  not  attached. 
It  includes  the  families  Desmidie®,  ZygnemeaB  and  Mesocarpeae ;  all  fresh- 
water. 

Family  1.  Desmidiea^  These  are  unicellular  organisms,  either  solitary  or 
connected  into  filaments ;  they  possess  some  power  of  locomotion.  Each  cell 
consists  of  a  mass  of  protoplasm  with  a  central  nucleus,  and  contains  two 
or  more  chloroplastids  in  which  lie  conspicuous  pyi:enoids.  The  cell-contents 
are  arranged  symmetrically  in  the  two  halves  of  the  cell,  and  in  many  forms 
this  bilateral  symmetry  is  emphasised  by  a  deep  constriction  in  the  median 
plane. 
The  Desmids  multiply  to  a  large  extent  by  division ;  the  cell  is  divided  into 

two  by  the  formation  of  a  cell-wall 
in  the  median  plane,  and  then  each 
half  produces  a  new  half  correspond- 
ing to  itself ;  hence  the  two  halves 
of  a  cell  are  of  different  ages.  The 
only  other  mode  of  reproduction  is 
by  means  of  zygospores  formed  by 
the  conjugation  of  two  individuals 
(Fig.  173).  On  germination  the  con- 
tents of  the  zygospore  divide  into 
two  halves,  each  of  which  becomes 
an  individuaL 

Among   the  commoner  forms  of 

the  DesmidiesB  are  Closterium  (Figs. 

178  and  174),   Staurastmm,  Euas- 

trum  (Fig.  174  C). 

Family  2,  Zygnemea.    These  plants,  consisting  of  long,  delicate,  nnbranched 
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Fie.  ITS.—Olosteriam.  A  in  ooi^jugation ; 
ty  zygospore  x  B  in  transverse  section  show- 
ing position  of  the  chloroplastid  el  (xSOO). 
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filaments  eompofled  of  eylindrioal  cells,  ooonr  as  floating  green  masses  in  ponds 
and  springs.  Each  cell  contains  a  peripheral  layer  of  protoplasm  in  close  con- 
tact with  the  cell-wall,  en- 
closing a  large  central  ^ 
vacuole  in  which  the  na- 
cleas  is  situated  in  a  mass 
of  protoplasm  connected 
with  the  peripheral  layer 
by  several  delicate  proto- 
plasmic filaments.  The 
ohloroplastids  are  the 
most  conspicnoas  feature 
of  the  cell ;  in  Spirogyra 
(Fig.  175)  and  Sirogonium, 
the  chloroplastids,  of  which 
there  may  be  from  one 
to  four,  lie  in  the  parietal 
protoplasm;  they  are  spir- 


)|^<fe;|i^  ][j|s^  li^lp.^  |i^>^^ 


Fie.  174.— il  Fragment  of  a  filament  of  Zyimema ; 
in  each  cell  are  two  star-shaped  ohloroplastids  con. 
nected  by  a  oolonrlees  mass  of  protoplasm  in  which  lies 
the  nnclens.  B  Glosieriom.  C  Koastrom,  two  Desmids 
with  chloroplastids;  in  B  there  is  a  vacuole  at  each 
end  in  which  a  number  of  grannies  may  be  seen  in 
motion. 


ally  twisted  in  Spirogyra,  but  are  nearly  straight  in  Sirogonium;  like  those 
of  the  Desmids,  these  chloroplastids  contain  several  pyrenoids  with  associated 
starch-grains ;  in  Zygnema  (Fig.  174  A)  each  cell  contains  two  chloroplastids, 
suspended  in  the  middle  line,  each  containing  a  pyrenoid  with  starch-grains. 

The  filaments  elongate  by  the  growth  and  division  of  all  the  constituent  cells, 
and  readily  break  up  into  segments,  consisting  of  one  or  more  cellSf  which  grow 
into  new  filaments. 

The  sexual  organs  (gametangia)  are  quite  undifferentiated ;  any  or  all  of  the 
cells  of  a  filament  may  act  as  sexual  organs,  the  whole  of  its  contents  being 
converted  into  a  single  non-ciliate  gamete.  The  sexual  process  (conjugation) 
consists  in  the  fusion  of  the  gametes  derived  from  two  cells  belonging  generally 
to  two  filaments,  but  sometimes  to  the  same  filament.  It  is  effected,  in  most 
cases,  by  the  development  of  a  lateral  outgrowth  from  the  middle  of  each 


Fie.  176.— Conjugation  in  Spirogyra  ( x  400).  At  A  two  cells  of  adjacent  filaments  ore 
about  to  con j agate,  and  are  puttinf?  out  protuberances  (a)  towards  each  other;  cl  chlcro- 
plostid ;  h  nucleus.  At  B  the  gamete  p  of  the  one  cell  is  passing  over  and  fusing  with 
that  of  the  other  (p).  At  C  the  process  of  conjugation  is  completed,  the  zygospore  Z  being 
the  product. 

gametangium ;   tbe  two  outgrowths  meet  (Fig.  175)  and  their  walls  become 
absorbed  at  the  point  of  contact  so  that  the  cavities  of  the  two  gametangia  are 
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continnons.  The  protoplasmic  oonients  of  each  cell  contract  away  from  the 
wall  of  each  gametaDgiam  to  form  the  gamete.  The  formation  of  the  gamete 
takes  place  earlier  in  one  gametangium  than  in  the  other,  and  the  first-formed 
gamete  travels  across  the  connecting  channel  into  the  carity  of  the  other 
gametangiam  when  it  fuses  with  the  other  gamete ;  the  resulting  cell  surrounds 
itself  with  a  wall,  and  constitutes  a  zygospore.  Since  the  first-formed  gamete 
is  the  more  active  in  the  process  of  conjugation,  it  may  he  regarded  as  a  male 
cell,  the  other  as  a  female  cell,  so  that  there  is  a  rudimentary  differentiation  of 
sex.  Further,  since  the  cells  of  any  one  filament  all  behave  alike  in  the  process 
of  conjugation,  it  is  possible  to  speak  of  male  and  female  filaments  or  indi- 
vidaals.  In  Zygogonium,  however,  the  gametes  are  similar,  both  as  regards  the 
time  of  their  formation  and  their  share  in  conjngation;  in  this  form  the 
gametes  meet  io  the  connecting  channel  and  there  fuse  to  form  the  zygospore. 

Occasionally  bodies  resembling  zygospores  are  formed  in  the  cells  of  a  fila- 
ment without  any  conjugation ;  these  are  distinguished  as  azygofpores,  and  are 
products  of  parthenogerteHs  (see  p.  87). 

After  a  period  of  rest,  the  zygospore  germinates ;  the  outer  coat  is  ruptured, 
and  the  contents,  covered  by  a  thin  cell-wall,  protrude  as  a  filament  wbieh  is 
divided  by  a  transverse  septum  into  two  cells;  of  these,  the  one  becomes 
elongated  and  remains  narrow  in  the  cavity  ol  the  spore,  undergoes  no  further 
division,  and  contains  little  or  no  chlorophyll,  whereas  the  other  becomes 
broader,  contains  one  or  moie  chloroplastids  and,  by  repeated  division,  forms  a 
filament.  Thus  there  is  at  first  a  differentiation  of  the  body  into  root  and 
shoot,  but  this  soon  ceases  to  be  apparent.  It  is  most  clearly  marked  in 
Spirogyra  and  Sirogonium  (see  Fig.  6).  Principal  genera :  Zygoema,  Spirogyra 
(incl.  Sirogonium),  Zygogonium. 

Family  8.  Meiocarpea,  These  plants  resemble  the  Zygnemeie  in  all  the 
chief  features  of  structure  and  reproduction,  but  can  be  distinguished  by  the 
following  peculiarities.  In  the  first  place  there  is  no  contraction  of  the  whole 
piotoplasmic  contents  of  the  gametangium  to  constitute  a  gamete,  but  a  portion 
only  of  the  contents  of  the  two  (or  sometimes  three  or  four)  cells  fuse ;  secondly, 
conjugation  always  takes  place  so  that  the  product  of  conjugation  lies  between, 
\  and  not  in,  either  of  the  gametangia  ;  thirdly,  the  product  of  conjugation  is  not 
at  once  a  zygospore,  but  is  a  mass  of  protoplasm  which  becomes  shut  off  from 
the  conjugating  gametangia  by  the  formation  of  a  septum  on  each  side;  this 
masi  of  protoplasm  then  surrounds  itself  with  a  proper  wall  and  proves  it-self 
to  be  a  spore  by  germinating.  There  is  no  marked  differentiation  of  the  young 
plant  into  root  and  shoot.  Azygospores  are  of  frequent  occunence  in  this 
family  (esp.  Gonatonema).     Genera  :  Mougeotia,  Gonatonema.  . 

Order  2.  Ulothrichaceae.  The  unbranched  filament  is  attached  by  a 
narrow  elongated,  frequently  colourless,  root-cell ;  the  growth  in  length  of  the 
filament  is  intercalary,  that  is,  each  cell  elongates  and  divides  by  a  transverse 
wall  into  two. 

The  reproductive  organs  are  quite  undifferentiated ;  any  cell  of  the  filament 
may  become  an  asexual  organ,  a  gonidangium,  or  a  sexual  organ,  a  gametan- 
gium. In  the  former  case  the  protoplasmic  contents  of  the  cell  divide  into  two 
or  four  which  are  set  free  as  zoogonidia ;  in  the  latter  case  the  contents  divide 
into  eight  or  sixteen  which  are  set  free  as  planogametes.    The  zoogonidia  are 
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somewhat  pear-sbaped  in  fonn,  the  more  pointed  end  being  oolonrlees  and 
bearing  fonr  eilia  and  a  pigment- spot ;  the  planogametea  resemble  the  zoo- 
gonidia  bat  are  proportionately  smaller  and  have  only  two  cilia.  When  the 
zoogonidia  come  to  rest,  they  secrete  a  call-wall,  and  become  attached  by  the 
eolonrless  end  which  forms  the  root-cell  of  the  developing  filament.  The  piano- 
gametes  conjugate  to  form  zygospores,  bnt  if  they  fail  to  conjugate  they  may 
germinate  independently,  and  they  do  so  in  the  same  manner  as  the  zoogonidia, 
only  the  resulting  filament  is  smaller.  The  zygospore  grows  and  attaches  itself 
by  its  hyaline  portion  which  developes  into  a  root ;  after  a  period  of  quiescence 
its  contents  divide  and  are  set  free  as  2-8  zoospores  resembling  the  zoogonidia. 
Fresh-water  and  marine.  Principal  genera:  Ulothrix,  Conferva,  Honnidium» 
Microepora,  Binuclearia. 


Pie.  177.—  Ulothriflf  wnaia :  A 
planogameteB  in  diiferent  stages  of 
oonjagation  o-d ;  B  a  soogonidinm. 
(AOer  Dodel-Port.) 


Fie.  178.— irioflbHs  sowota :  A  part  of  a  fila- 
ment from  a  cell  of  which  planogametea  are 
eecaping,  the  other  cells  having  already  emptied 
tbeaiselves;  B  planogametea;  C  the  process 
of  conjugation;  Dyoang  sygospores;  £  mature 
zygospore;  F  germinating  sygospore  with 
hyaline  root ;  0  the  contents  of  the  embryonic 
shoot  of  the  sporopbyte  dividing  to  form  zoo- 
spores. 

Order  8.  Chaetophoraceae.  The  body  is  attached  by  a  basal  cell,  and  is 
erect  or  creeping ;  it  is  filamentous  and  much  branched,  and  usually  bears  long 
hair-like  outgrowths  usually  formed  at  the  apex  of  the  branches  on  the  cessa- 
tion of  the  merismatic  activity  of  the  apical  growing-points  ;  the  further  elon- 
gation of  such  branches  is  intercalary,  being  effected  by  the  growth  and  division 
of  one  of  the  cells  near  its  base. 

Beproduction  by  zoogonidia  is  known  in  almost  all  the  genera ;  the  goni- 
dangia  are  usually  quite  undifferentiated,  though  in  some  forms  {e.g.  Chroolepus) 
they  differ  in  form  from  the  ordinary  vegetative  cells ;  their  development  is 
limited  in  some  cases,  either  to  terminal  cells  (Microthamnion),  or  to  the  cells 
of  the  lateral  branches  (Drapamaldia)  as  distinguished  from  the  main  axis ;  the 
zoogonidia  may  be  developed  singly  in  the  gonidangium  (e.g.  Chroolepus),  in  any 
case  the  number  does  not  exceed  four ;  the  zoogonidia  have  frequently  four  cilia. 

Sexual  isogamous  reproduction  is  known  in  only  a  few  genera  (Stigeoclonium, 


Digitized  by 


Google 


248  PART   in. — THE   CLASSinCATION  OP  PLANTS. 

Chroolepns,  and  some  others) ;  the  gametangia  are  but  little,  if  at  all,  differen* 
tiated  from  the  vegetative  cells  of  the  body ;  in  Chroolepas  the  gametes  closely 
resemble  the  zoogonidia. 

The  germination  of  the  zygospore  is  only  known  in  Phffiophila ;  the  contents 
escape  a^  a  non-motile  cell  which  grows  oat  basally  into  a  root-like  organ  of 
attachment,  and  apioally  into  the  mnlticellolar  shoot-filament. 

Principal  genera :  Chsatophora,  Stigeocloniam,  Drapamaldia  in  fresh  water ; 
Chroolepas  (Trentepohlia)  grows  on  rocks  and  tree-trunks,  and  is  peculiar  on 
account  of  its  orange  or  violet  colour. 

Order  4.  Ulvaceae.  The  membranous  body  C9n8ists  of  a  single  flat  layer  of 
cells  (Monostroma),  or  of  a  single  tubular  layer  of  cells  enclosing  a  cavity 
(Eoteromorpha),  or  of  two  layers  in  close  contact  (Ulva) ;  the  body  is  attached, 
at  least  when  young,  by  a  root,  and  is  sometimes  branched  (esp.  Entero- 
morpha) ;  the  growth  of  the  body  is  intercalary,  all  the  ce}ls  being  concerned 
in  it. 

Any  cell  of  the  body  may  become  a  gonidangium  or  a  gametangium ;  the 
zoogonidia  have  four  cilia,  the  planogametes  two ;  conjugation  of  planogametes 
has  been  observed  in  the  three  above-mentioned  genera;  the  zygospore,  on 
germination,  developes  directly  into  a  new  plant,  producing  basally  the  root  and 
distally  a  cellular  filament  which  becomes  the  thalloid  shoot.  Inhabit  both 
fresh  and  salt  water. 

Order  5.  (Edogoniaceae.  Filaments  tmbranched  (except  BulbochsBte), 
attached  by  a  root ;  growth  intercalary.  The  mode  of  growth  of  the  individual 
cells  of  (Edogonium  is  peculiar ;  in  the  plane  of  division  a  ring  of  cellulose  is 
formed  round  the  cell-wall ;  the  cell-wall  then  ruptures,  and  the  cellulose-rini( 
is  stretched  so  as  to  form  a  membrane  across  the  rent ;  as  this  process  takes 
place  repeatedly  near  the  upper  end  of  the  cell,  the  projecting  edges  of  the  re- 
peatedly ruptured  cell-wall  form  a  series  of  caps ;  the  transverse  septa,  dividing 
the  elongated  cells  into  two,  are  always  formed  toward  the  lower  end  of  the  cells. 

Any  cell  of  the  body  may  be  a  gonidangium,  setting  free  its  protoplasmic 
contents  as  a  single  zoogonidium  with  a  circlet  of  cilia  round  its  more  pointed 
colourless  end.  On  coming  to  rest,  the  zoogonidium  attaches  itself  by  its 
colourless  end,  surrounds  itself  with  a  cell-wall,  and  grows  into  a  filament ;  the 
colourless  portion  becomes  the  root-cell  (see  Fig.  74). 

The  sexual  organs  are  difFerentiftted.  Some  cells  of  a  filament  increase  in 
size  and  become  rounded  in  form,  each  constituting  an  oogonium.  The  proto- 
plasm in  each  oogonium  contracts  away  from  the  wall  to  constitute  the  single 
oosphere.  Access  to  the  oosphere  is  afforded  either  by  the  perforation  of  the 
oogonium- wall,  or  by  the  partial  breakiog-away  of  the  cell  immediately  above 
the  oogonium  in  the  filament.  The  oosphere  has  a  well-marked  receptive  spot. 
The  antheridia  are  formed,  either  in  the  same  or  another  filament  as  the  species 
is  monoecious  or  dioecious,  by  the  repeated  tranverse  division  of  a  cell  of  the 
filament ;  in  some  species  the  antheridinm  gives  rise  to  a  single  spermatozoid, 
but  in  most  it  undergoes  division  into  two  cells  each  of  which  produces  a  sper- 
matozoid. The  spermatozoids  resemble  the  zoogonidia,  but  are  smaller  and 
are  yellow  instead  of  green ;  they  are  set  free,  and  finding  their  way  to  the 
oogonia,  one  enters  an  oogonium  and  fertilises  the  oosphere,  penetrating  into  it 
at  the  receptive  spot  (Fig.  178). 
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In  some  rpecies,  termed  gynandroiporous,  the  filameixts  produce  bo  anthe- 
ridia,  bat  only  oogonia.    Some  of  the  cells  of  sach  a  filament  undergo  trans- 
Terse  division  to  form  short  cells  which  somewhat  resemble  antheridia.    The 
contents  of  each  of  these  cells  are  set  free  as  a  single  zoogonidium,  termed  an 
androtpore,  intermediate  in  size  and  colour  between  the  ordinary  zoogonidia 
and  the  spermatozoids,  and  resembling  them  in  form.    The  androspore  comes 
to  rest,  attaching  itself  to 
the  wall  of  an  oogonium 
(Fig.  178),  and  germinates, 
forming  a  small  filament, 
known  as  a   dtoarf-maU^ 
which  consists  of  a  root- 
cell  and  two  or  three  cells 
above  it;    each  of  these 
upper  cells  is  an  anther- 
idium,  and    its   contents 
are  set  free  as  a  single 
spermatozoid. 

On  germination,  the 
contents  of  the  oospore  are 
set  free  as  four  zoospores, 
which  resemble  the  zoo- 
gonidia, and  germinate  in 
the  same  manner.  Fresh- 
water :  genera,  CBdogon- 
ium,  Buibochtete. 

Order  6.  Coleochae- 
taceaB.  Body  filamentous, 
branched,  forming  hemi- 
spberical  or  disc-shaped 
cushions  on  submerged 
stones  or  parts  of  water- 
plants;  the  mode  of 
growth  is  essentially  api- 
cal, though  in  some  forms  I 
(C.  $eutata)  the  apical 
cells  constitute  a  marginal 
series;  most  of  the  cells 
eventually  develope  tbe 
peculiar  sheathing  hairs 
which  have  suggested  the 
name  of  the  family. 
Fresh- water:  Coleocbiete, 
the  sole  genus. 

The  gonidangia  are  un- 
differentiated ;  any  cell 
may  set  free  its  proto- 
plasmic contents  as  a  zoo- 
gonidium  with  two  ciha. 


Fio.  178.— ii  (Edogonium  eilUUum  ix  250).  A  Middle 
part  of  a  sexual  filament  with  three  oogonia  (og)  fertilised 
by  the  dwarf-male  plants  (m\  developed  from  zoogonidia 
formed  in  the  cell  m  at  the  upper  part  of  the  filament. 
B  Oogonium  at  the  moment  of  fertilisation:  o  the 
oosphere ;  og  the  oogonium ;  s  tbe  spermatozoid  in  the 
act  of  forcing  its  way  in ;  m  dwarf-male  plant.  C  Ripe 
oospore.  D  Piece  of  the  male  filament  of  (Ed.  gnnelli' 
parum,  x  spermatozoids.  B  Branch  of  a  Bulhoc1ugt«f  with 
one  oogonium  still  containing  an  oospore,  another  in  the 
act  of  allowing  it  to  escape  ;  in  the  lower  part  an  empty 
oogonium.  F  The  four  zoospores  formed  from  an  oospore. 
Q  Zoospore  come  to  rest.    (Alter  Pringsheim.) 
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The  sexaal  organs,  oogonia  and  antheridia,  are  differentiated,  especially  in 
the  more  distinctly  filamentous  forms.  In  the  filamentoas  forms  {e.g.  C.  jml- 
vinata.  Fig.  179)  the  oogonia  and  antheridia  are  borne  at  the  ends  of  the 
branches ;  the  terminal  cell  of  a  branch  enlarges  to  form  an  oogoniom,  be- 
coming spherical,  and  growing  oat  into  a  long  filament,  the  trichoffyne ;  the 
antheridia  are  developed  as  small  flask  shaped  cells  from  the  terminal  cells  of 
a  filament.  In  the  discoid  forms  (e.g,  C.  scutata),  the  oogonia  and  antheridia 
are  not  terminal ;  the  oogoniam  is  simply  an  enlarged  spherical  cell  and  has  no 
trichogyne ;  the  antheridium  is  simply  a  small  cell  formed,  in  a  groap  of  four, 
by  the  division  of  one  of  the  vegetative  cells. 

A  single  oosphere  is  formed  in  each  oogonium,  and  a  single  spermatozoid  in 
each  antheridium.    The  spermatozoids,  on  being  set  free,  find  their  way  to  the 


/ 


Fie.  179,—Coleoolicde  puMnata  (xflBO :  after  Fringsbetm).  A  Part  of  an  actual  gameto 
phyte  bearing  oogonia  oy  (with  trichogynes  tr)  and  antheridia  an ;  K  hairs.  B  portion  of  a 
plant  in  which  a  moltioollnlar  sporophyte  has  been  developed  in  each  fertilieed  oogoniam. 
C  an  isolated  sporophyte  the  investment  of  which  is  raptured  prior  to  the  setting  free  of 
soospores. 

oogonia,  and,  entering  by  an  opening  in  the  wall  (in  the  trichogyne  when  it  is 
present),  reach  the  oospheres  and  fertilise  them. 

The  effect  of  fertilisation  is  not  only  to  caase  the  oosphere  to  become  an 
oospore  by  clothing  itself  witli  a  proper  wall,  but  also  to  cause  the  neighbouring 
cells  to  grow  round  the  oogoniam  and  form  a  compact  cellular  investment  for 
it.  Surrounded  by  this  investment,  the  oospore  falls  to  the  bottom  of  the 
water,  as  the  plant  dies  down,  and  undergoes  a  period  of  quiescence.  On  ger- 
mination it  grows,  splitting  the  investment,  and  divides  to  form  a  small  multi- 
cellular body,  the  sporophyte,  the  existence  of  which  shortly  comes  to  an  end 
by  the  escape  of  the  whole  of  the  protoplasmic  contents  of  all  the  cells  aa 
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zoospores,  one  from  each  cell,  which  regemble  the  zoogonidia,  and  germinate  in 
a  similar  manner  to  form  a  (potential  or  actual)  gametophyte. 

Series  Y.  Ghaboidejb.  The  forma  included  in  this  series  constitute  but  a 
single  order,  the  Charaoee. 

Order  I.  CharaceaB.  The  stem,  is  distinctly  segmented  into  nodes  and 
iuternodes,  the  nodes  being  marked  by  the  whorls  of  leaves  which  they  bear. 
It  consists  of  a  longitudinal  series  of  elongated  cyUndrioal  cells,  each  of  which 
constitutes  an  intemode,  separated  from  each  other  by  transverse  plates  of 
small  cells  which  are  the  nodes.  In  Ghara  there  is,  in  addition,  a  cortex  con- 
sisting of  rows  of  cells,  sometimes  spirally  twisted,  produced  by  a  growth  of  the 
peripheral  cells  of  each  node,  both  upwards  and  downwards,  over  the  inter- 
nodes  above  and  below  it. 

All  the  cells  contain  small  discoid  chloroplastids  which  lie  imbedded  in  the 
protoplasm  immediately  beneath  the  cell-wall.     The  more  internal  portion  of 
the  protoplasmic  layer  shows  the  movement  known  as  eyelosis ;  the  central 
portion  of  the  cell-cavity,  when  the  cell  is  fully  grown,  is  occupied  by  a  large 
vacuole    filled    with    celUsap. 
Each  cell  contains  a  single  nu- 
cleus when  young ;  but  the  long 
internodal  cells,  when  old,  are 
found  to  contain  many  nuclei       ^ 
produced  by  the  fragmentation 
of  the  original  nucleus. 

The  growth  in  length  of  the 
stem  is  unlimited,  and  is 
effected  by  means  of  a  hemi- 
spheiical  apical  cell  (Fig.  180). 
This  cell  undergoes  repeated 
division,  a  series  of  segments 
being    out    off    by    transverse 

walls  ;    after    a   segment    has  Fig.  iso.— Diagram  of  growing-point  of  stem  of 

been  cut  off,  the  apical  cell  re-  Chara  fragHU  (x600,  after  Sachs):  a  apical  cell; 
gains  its  normal  size  by  growth.  •  "segment  lately  cut  off ;  n'  n«  n»  snocessive  node. ; 
.  ^,  i. .        X    «        in»  in»  in*  Buocesaivo  iuternodes ;  I  leave* ;  c  cortical 

then  another  segment  is  out  off.      ^,,^  ^^^^^  ^„^„  ^^„  .„  ,^„  „, 

followed    by  renewed  growth, 

and  so  on.  Each  segment  is  immediately  divided  into  two  cells  by  a  transverse 
wall ;  of  these  two  cells  the  upper,  in  all  cases,  becomes  a  node,  dividing  by 
vertical  walls  into  the  small  cells,  central  and  peripheral,  of  which  the  node 
consists ;  the  lower,  in  all  cases,  becomes  an  intemode ;  it  does  not  divide,  but 
simply  grows  in  length.  In  Chara  the  young  peripheral  nodal  cells  keep  pace 
with  the  growth  of  the  internodal  cells,  forming  the  cortex  over  them. 

The  leaves  and  branches  of  the  stem  are  all  developed  from  the  cells  of  the 
nodes ;  the  leaves  spring  in  a  whorl,  one  from  each  of  the  peripheral  cells  of 
the  node,  and  the  branches  are  developed  as  buds  in  the  axils  of  one  or  more 
of  the  leaves  of  each  whorl. 

The  mode  of  growth  and  general  morphology  of  the  leaf  is  essentially  the 
same  as  that  of  the  main  stem  or  one  of  its  branches ;  it  grows  by  means  of  an 
apical  cell  resembling  that  of  the  stem,  and  from  the  segments  are  formed 
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nodes  and  internodes  in  regular  sacoession ;  from  the  nodal  cells  of  the  leaf 
arise  whorls  of  leaf-branches  or  leaflets.  The  only  fundamental  difference  be- 
tween the  leaf  and  the  stem  of  the  GbaraoesB  is  that,  whereas  the  apical  growth 
of  the  latter  is  unlimited,  that  of  the  former  is  limited ;  the  apical  cell  of  the 
leaf  at  length  ceases  to  divide,  assuming  a  somewhat  cylindrical  form  with  a 
pointed  tip. 

The  roots,  with  the  exception  of  the  first  root  of  the  embryo,  are  all  adventi- 
tious, being  developed  from  the  lower  nodal  cells  of  the  stem.  They  are 
simpler  in  structure  than  the  stem  or  leaf,  each  consisting  of  a  colourless  fila- 
ment of  long,  narrow  cells;  the  growth  is  apical,  though  the  apical  cell  is  not 
specially  differentiated  as  in  the  stem ;  the  cells  of  the  root  are  connected  in  a 
peculiar  manner,  the  contiguous  ends  of  the  two  cells  having  each  somewhat 
the  shape  of  the  sole  of  a  human  foot ;  root-branches  are  developed  from  that 
portion  of  the  cell,  just  above  the  articulation,  which  corresponds  to  the  heel  of 
the  foot. 

The  sexual  organs  (Fig.  181)  are  in  all  cases  borne  on  the  leaves :  the  an- 
theridium  is  developed  from  the  terminal  cell  of  a  leaf  or  of  a  leaflet ;  the 
oogonium  replaces  a  leaflet.    The  plant  may  be  either  monoecious  or  dioecious. 

The  antheridium  is  a  spherical  body,  of  a  green  colour  when  young,  but 
orange  when  mature,  borne  on  a  stalk.  Its  wall  consists  of  eight  cells,  each  of 
which  is  termed  a  ikield,  presenting  marginal  infoldiugs  of  the  wall ;  the  wall  of 
the  upper  half  of  the  antheridium  consists  of  four  triangular  shields ;  that  of 
the  lower  half  consists  likewise  of  four  triangular  shields,  each  of  which  has 
its  lower  angle  truncated  to  admit  of  the  passage  of  the  stalk-cell.  On  the 
inner  surface  of  each  shield,  at  its  centre,  is  attached  a  cylindrical  cell,  tbe 
manubrium^  which  extends  to  near  the  centre  of  tbe  antheridium.  Each  manu- 
brium bears  at  its  inner  end  a  somewhat  spherical  cell,  the  capitulum.  To 
each  capitulum  are  attached  usually  six  rounded  cells,  the  secondary  capitula. 
Connected  with  each  secondary  capitulum  are  two  cells  each  of  which  bears  a 
pair  of  long  filaments,  each  filament  consisting  of  about  two  hundred  cells. 
The  cells  of  the  filaments  are  tbe  mother-cells  of  the  spermatozoids,  each  cell 
giving  rise  to  a  single  spermatozoid. 

The  male  cell  or  spermatozoid  consists  of  a  club-shaped  spirally- wound  mass 
of  protoplasm  bearing  two  long  cilia  at  its  pointed  anterior  end  (see  p.  116). 
When  tbe  antheridium  is  mature  the  shields  separate,  the  spermatozoids  are 
set  free  from  their  mother-cells  and  escape  into  tbe  water. 

The  oogonium  is  the  enlarged  terminal  cell  of  the  leaflet  which  it  represents. 
Beneath  the  oogonium  proper  is  a  node,  the  central  cell  of  which  constitutes 
the  stalk-cell  of  the  oogonium,  whilst  the  five  peripheral  cells  of  the  node  grow 
out  into  filaments  which  gradually  become  spirally  twisted  and  enclose  the 
oogonium ;  the  tips  of  these  filaments  project  at  the  free  end  of  the  oogonium, 
constituting  the  crown  or  corona,  and  are  cut  off  from  the  rest  of  the  filaments 
either  by  one  transverse  wall,  so  that  the  crown  consists  of  five  cells  as  in  the 
ChareiB,  or  by  two  transverse  walls,  so  that  the  crown  consists  of  ten  cells  as  in 
the  NitellesB. 

Each  oogonium  contains  a  single  oosphere,  a  nucleated  mass  of  protoplasm 
containing  starch-granules,  with  a  well-marked  clear  area,  the  receptive  spot,  at 
tbe  apical  end.    Just  previously  to  fertilisation  one  or  more  cells  (wendungs- 
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zellen)  are  cat  off  from  the  basal  portion  of  the  oosphere  by  the  formation  of 
oell-walls ;  these  cells  are  probably  to  be  regarded  as  polar  bodies. 

At  the  time  of  fertilisation,  the  cells  of  the  crown  separate  so  as  to  form  a 
channel  leading  to  the  apex  of  the  oogonium.    The  wall  of  the  oogonium  is  not 


Fie.  I8l.—Chara  frayHit,  reprodactlTO  orgrans  (after  Strasbnrger).  A  Median  longitudinal 
section  through  a  leaf  (gametophyll)  r,  and  the  sexual  organs  which  it  bears ;  a  antheri- 
diam,  borne  on  a  nodal  cell  na  by  the  stalk-cell  p ;  m  the  manubria ;  ob  an  oogonium, 
borne  on  a  nodal  cell  no  and  an  intemodal  stalk-oell  po;  v  wendungsselle;  o  corona  (all 
xwy,    B  spermatozoids  ( x  640). 

ruptured,  but  it  becomes  mucilaginous.    The  spermatozoids  enter  the  channel 
and  reach  the  apex  of  the  oogonium ;  one  of  them  makes  its  way  through  the 
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mucilaginous  oell-wall,  and,  entering  the  oosphere  at  the  receptive  spot,  ferti- 
lises it. 

After  fertilisation,  the  oosphere  becomes  an  oospore,  surrounding  itself  with 
a  proper  wall.  The  more  internal  walls  of  the  investing  filaments  become 
thickened,  and  assume  a  dark  brown  colour.  The  whole  organ  falls  off  and 
undergoes  a  period  of  quiescence. 

On  germination,  a  planoconvex  mass  of  clear  protoplasm  collects  at  the  apical 
end  of  the  oospore,  the  starch-granules  being  aggregated  in  the  posterior  part 
of  the  oospore ;  a  transverse  wall  is  then  formed,  separating  these  two  parts 
from  each  other.  The  smaller  cell  then  divides  into  two  by  a  wall  at  right  augles 
to  the  first,  and  from  these  two  cells  the  embryo  is  developed.  The  hard  invest- 
ment of  the  oospore  is  ruptured  at  the  apex,  and  the  two  cells  grow  out  as  fila- 
ments, the  upper  forming  the  shoot,  the  lower  the  root,  of  the  embryo  (Fig.  182). 
The  root-cell  may  at  once  elongate  into  a  colourless  multicellular  filamentous 

root,  or  it  may  divide  so  as  to  form 
a  primary  root  and  two  lateral  roots. 
The  shoot-cell,  which  contaius  chloro- 
plastids,  undergoes  transverse  divi- 
sion to  form  a  filament  consisting  of 
a  small  number  of  cells.  The  lowest 
cell,  as  well  as  the  upper  cells,  un- 
dergo no  further  division  but  simply 
elongate.  The  cell  next  above  the 
lowest  cell,  the  intermediate  celU  is 
divided  by  two  transverse  walls 
forming  a  short  cell  at  each  end  with 
a  long  cylindrical  cell  between  them ; 
each  of  these  short  cells  undergoes 
division  to  form  a  node,  whilst  the 
long  cell  remains  undivided  and  con- 
stitutes an  intemode.  The  peri- 
Fte.  182.— Meroblastio  development  of  the  pheral  cells  of  tlie  lower  node  grow 
embiyo  from  the  ooepor©  of  ToIypeUo  iniri-  ^^^  j^^q  adventitious  roots;  those  of 
cota  (xfiO:   after  De  Barj) ,    •   embryonic       ^  ^^^       .^^  ^.^^  ^^  ^ 

shoot ;  r  embryonic  root.  rr  o  » 

forming  the  only  whorl  of  the  em- 
bryo, except  one  cell  which  becomes  the  apical  cell  of  the  stem  of  the  adult 
plant,  and,  by  its  growth  and  division,  gives  rise  to  it  (Fig.  183). 

The  embryogeny  of  the  CbaracesB  is  in  the  first  place  meroblastic  (see  p.  13), 
that  is,  the  embryo  is  developed  from  a  part  only  of  the  oospore.  The  larger 
posterior  part  of  the  oospore  takes  no  share  in  the  formation  of  the  embryo,  but 
serves  to  supply  the  embryo  with  the  nutrient  material  necesnary  for  the  earlier 
states  of  its  development.  Moreover  it  is  heteroblastio,  an  embryonic  form  inter- 
vening between  the  oospore  and  the  adult.  The  life-history  presents  no  alter- 
nation  of  generations. 

Parthenogenesis  has  been  observed  in  Chara  crinita ;  the  oosphere  of  this 
plant  germinates  without  fertilisation. 

The  GharacesB  are  extensively  propagated  in  a  vegetative  manner.  The  roots 
sometimes  develope  into  small  spherioal  unicellular  bnlbilt  filled  witii  starch  : 
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in  other  oases  the  peripheral  oells  of  snhterraneaa  nodes,  instead  of  giving  rise 
to  leaves,  grow  out  into  small  cellular  appendages  which  become  filled  with 
starch,  and  are  known  as  starch-stars.  When  the  plant  has  died  down  in  the 
winter,  these  bulbils  and  starch-stars  persist,  and,  in  the  following  spring  give 
rise  to  new  plants.  Again,  instead  of  normal  branches,  the  plant  may  pro- 
duce branches  of  peculiar  structure,  called  embryonic  branches  because  they 
resemble  the  embryo,  which  become  separate  and  grow  at  once  into  new  phmts. 

The  GharacesB  are  classified  as  follows  : — 

Fam.  1.  NitelUa :  corona  consisting  of  ten 
cells ;  includes  the  genera  Nitella,  Tolypella. 

Fam.  2.  Cliarea :  corona  consisting  of  five 
cells;  inclndes  the  genera  Chara,  Lampro- 
tbamnus,  Lycnothamnus,  Tolypellopsis. 

The  stem  and  leaves  of  the  Nitelleffi  Lave 
no  cortex ;  those  of  most  of  the  CharesB  have 
cortex.  They  all  inhabit  fresh  or  brackish 
water.  ^ 

Sub- Class  III.  PfliEOPHrcEJE, or 
Brown  AI^sb.  The  body  may  consist 
of  a  single  cell  (e.g,  Diatomacero, 
Sjngenetic89),  but  is  generally  multi- 
cellular; it  is  never  coenocy  tic.  When 
malticellolar,  it  presents  various  de- 
grees of  morphological  differentiation, 
being  nsnally  differentiated  into  shoot 
and  root,  and  in  some  cases  (e.g, 
Cladost-ephas,  Sargassnm)  into  stem, 
root,  and  leaf. 

Vegetative  multiplication  is  com- 
mon in  the  unicellular  forms,  in  which 
it  is  effected  by  division ;  in  a  few 
forms  (e.g,  Choristocarpus,  species  of 
Sphacelaria)  it  is  effected  by  means 
of  gemmse. 

The  life-history  of  most  of  the  members  of  this  sub-class  is  but 
imperfectly  known.  In  some  cases  it  certainly  does  not  present 
an  alternation  of  generations,  on  account  of  the  absence  either  of 
asexual  reproduction  (Fucaceee)  or  of  sexual  reproduction  (Syn- 
geneticee).  In  other  cases,  again,  both  sexnal  and  asexual  repro- 
duction are  known  (e.g.  some  Ectocarpaceaj),  but  since  the  two 
kinds  of  reproductive  organs  are  borne  on  the  same  individual, 
either  simultaneously  or  at  different  times,  no  alternation  of  gener- 
ations can  be  traced.     In  yet  others,  distinct  sexual  and  asexual 


-s.r 


Fig.  183.  — CHara  fragiXU  (after 
PriDgsheim:  x  4).  Heteroblaattc 
embryogeny;  op  apical  portion  of 
■hoot  of  the  embryo;  r  primary 
root  of  embryo,  springing  from  the 
oospore;  nr  adventitions  roots;  t 
leaves,  amongst  which  lies  the  grow- 
ing- point  of  the  adult  shoot;  i 
intermediate  cell. 
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fomis  are  known,  but  it  is  not  clear  whether  the  asexual  forms  are 
sporophytes  or  are  merely  potential  gametophytes :  in  the  Cnt- 
leriaceaB,  however,  it  is  highly  probable  that  the  asexual  form  is 
really  a  sporophyte,  and  this  view  may,  for  the  present,  be  ex- 
tended to  the  other  more  doubtful  cases. 

In  all  but  the  lowest  forms  there  is  a  distinction  between  re- 
productive and  vegetative  cells,  the  former  developing  into  more 
or  less  highly  differentiated  reproductive  organs. 

Asexual  reproduction  is  effected  by  means  of  spores  (or  possibly 
gonidia),  either  zoospores  (as  in  Syngenetic89  and  PhseosporesB)  or 
non-motile  spores  (as  in  Tilopteridace»  and  Dictyotaceae).  The 
spores  are  developed  either  singly,  or  more  commonly  several  to- 
gether, in  unicellular  (and  also  necessarily  unilocular)  sporangia. 

Sexual  reproduction  is  either  isogamous  or  oogamous :  when 
isogamous,  it  may  be  effected  by  aplanogametes  (Diatomaceae), 
but  more  commonly  by  planogametes  (PheBosporese)  which  usually 
resemble  each  other ;  but  in  some  cases  (e.gr.  species  of  Ectocarpus, 
CutleriacesB)  they  are  of  two  kinds,  differing  in  size  and  in  the 
duration  of  their  movement,  the  one  which  is  smaller  and  more 
active  being  the  male :  when  oogamous,  it  is  effected  by  means  of 
spermatozoids  and  oospheres,  and  is  peculiar  in  that  the  oospheres, 
though  not  ciliated,  are  extruded  from  the  female  organ  before 
fertilisation  takes  place.  The  gametophytes  may  be  monoecious 
or  dioecious.  The  sexual  organs,  in  the  isogamous  forms,  are 
gametangia,  sometimes  unicellular  (Diatomacoae)  but  more  com- 
monly multicellular  (PhaBOsporeoe)  ;  in  the  latter  case  each  cell  of 
the  gametangium  gives  rise  either  to  a  single  planogamete  or 
to  several :  they  are  in  most  cases  all  alike,  though  some  {e,g,  in 
species  of  Ectocarpus,  Cutleriaceie)  consist  of  smaller  and  more 
numerous  cells  than  the  others  and  give  rise  to  the  smaller 
planogametes.  In  the  oogamous  forms,  the  oogonium  is  unicel- 
lular, giving  rise  to  one  or  more  (2-8)  oospheres :  the  antheri- 
dium  is  multicellular  in  the  Tilopteridacees  and  Dictyotaceae,  but 
unicellular  in  the  Fucaceaa ;  in  the  former  case  each  cell  gives  rise 
to  a  single  spermatozoid,  in  the  latter  several  spermatozoids  are 
developed  in  the  one  cell. 

Of  the  motile  reproductive  cells  of  this  sub-class,  the  zoospores 
(or  zoogonidia)  and  the  planogametes  contain  chromatophores, 
and  have  two  cilia  inserted  laterally ;  the  spermatozoids,  however, 
have  no  chromatophores,  nor  have  the  smaller  planogametes  in 
those  cases  in  which  the  conjugating  planogametes  differ  in  size ; 
the  oosphere  has  no  receptive  spot. 
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The  PiuBophyoeflB  may  be  classified  as  follows  :-^ 
UfUeeUuUtr  Forms : 
Order  1.  Syngenetica '.  no  sexaal  reproduction. 

Order  2.  DiatomaeesB :  sezoal  reproduction  isogamoos  by  aplanogametes. 
JfuUieeUular  Forms : 

Series  (a)  PhAosporesB :  sexual  reprodaotion  isogamoos  by  planqgtmetes ; 
asexual  by  soospores  (in  some  oases  by  zoogonidia). 
Order  8.  EctocarpaoesB :  including  tbe  families, 

Ectocarpes  (Ectocarpus,  Pylaiella,  Streblonema,  etc). 
Choristocarpes  (Choristocarpus,  Discosporangium). 
Myriotriche»  (Myrotrichia), 
MyrionemesB  (Myrionema,  Miorosponginmi  etc.). 
Elachistes  (Elaohista,  Giraudia,  etc.). 
DesmarestieiB  (Desmarestia,  Arthrooladia). 
Spermatochnes  (Spermatochnus). 

SphacelarieaB  (Sphacelaria,  Stypocaulon,  OheBtopteris,  Clado- 
stepbus,  etc). 
Order  4.  Encoeliaces ;  including  the  families, 

MesogloeeiB  (Chordaria,  Mesoglcea,  Castagnea,  etc.). 

SporoohneflB  (Sporocbnns,  Carpomitra). 

Striarie»  (Striaria,  Stiotyosiphon»  etc.). 

StilophoresB  (Stilophora). 

DictyosiphoDeaB  (Dictyosiphon,  etc.). 

Soytosiphone»  (Scytosiphon,  Colpomenia,  Pbyllitis,  Aiipefo- 

coccus.) 
Punctarieffi  (Ponctaria,  etc.). 
Order  5.  LaminariacesB  (Laminaria,  Alaria,  Chorda,  etc.). 
Order  6.  Outleriaceie  (Cutleria,  Zanardinia). 

Series  {h)  PhieogamaB:  sexual  reproduction  oogamous;  asexual,  wanting, 
or  by  non-motile  spores :  no  gonidia. 
Order  7.  Tilopteridaceie. 
Order  8.  Diotyotaceie. 
Order  9.  Fueaoeas. 

Order  1.  SyngeneticsB.  Body  unicellular,  the  cells  being  held  together  by 
mucilage,  forming  a  colony.  Beproduction  by  division,  and  by  asexnally  pro- 
duced spores. 

This  order  includes  two  genera,  Hydrurus  and  Chromopbyton ;  in  the  former 
the  colony  consists  of  many  cells  and  is  attached,  in  the  latter  it  consists  of 
ei<;ht  cells  and  is  unattached. 

In  Hydrurus,  each  cell  is  an  ellipsoidal  mass  of  protoplasm,  enclosing  a 
nucleus,  one  or  two  contractile  Tacuoles,  and  one  or  two  chromatophores  in  the 
form  of  a  plate  or  ribbon  each  containing  a  pyrenoid.  The  cells  multiply  by 
division.  Asexual  reproduction  is  effected  by  means  of  zoospores,  formed  by 
division  of  a  cell  into  two  or  four,  which  are  set  free  by  the  disorganisation  of 
the  investing  mucilfl^e  and  move  by  means  of  a  single  cilium  ;  these  come  to 
rest,  and  each  gives  rise  by  division  to  a  new  colony.  Also  by  means  of  rest- 
ing-spores  formed  one  from  each  vegetative  cell. 

V.  s.  B.  S 
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The  strnctare  of  the  cells  of  Ghromopbyton,  and  its  modes  of  reprodnciion, 
are  essentially  the  same  as  those  of  Hydraras. 

The  SyngeneticeB  somewhat  resemble  the  palmelloid  Protoooccaceie  among 
the  Ghlorophycen,  and  may  be  regarded  as  the  eorresponding  group  in  the 
PhiBophyoefD.  They  grow  only  in  fresh  water ;  Hydrnms  in  oold,  rapidly  rmining 
streams. 

Order  2.  Diatomacea.  Unioellalar  plants,  either  free,  or  oonneoted  into 
filaments  or  masses  by  maoilage ;  sometimes  attached.  Keproduction,  vegeta- 
tive  by  division;  or  by  means  of  asexnally  produced  spores;  or  sexual  isogamous 
by  the  conjugation  of  aplanogametes.  The  cell-wall  is  impregnated  with  silica. 
Both  fresh-water  and  marine. 

The  DiatomaceflB  resemble  the  Desmidiete  in  many  respects ;  the  two  orders, 
are,  in  fact,  corresponding  forms  in  the  PhoBophyceie  and  the  ChlorophyeeaB 
respectively;  but,  besides  their  colour,  the  Dia- 
toms differ  from  the  Desmids  in  the  presence  of 
^  silica  in  their  cell-wall. 

The  cell,  or  fnittule,  as  it  is  called,  is  enclosed 
by  a  rigid  wall.  The  wall,  like  that  of  the  Desmids, 
consists  of  two  halves,  called  valves,  of  different 
ages,  which  are  not  directly  continuous,  but  are 
related  to  each  other  as  the  two  parts  of  a  pill- 
box, the  one  overlapping  the  other  (Fig.  184). 
The  cell- contents  consist  of  a  more  or  less  vacuo- 
lated mass  of  protoplasm,  which  forms  a  layer  in 
close  contact  with  the  inner  surface  of  the  cell- 
wall  ;  in  this  there  is  a  nucleus,  sometimes  i>aTi- 
etal  sometimes  central,  and  chromatophores 
which  may  be  very  numerous  and  small,  or  few  in 
number  (sometimes  only  one)  in  the  form  of  re- 
latively large  plates. 
Fio.  184.— Plnnalaria, »  Di»-  Vegetative  multiplication  by  division  takes  place 
torn  (mag.  and  diftg.);alaterml      |,y  ^he  division  of  the  protoplasm  into  two  ceUs; 

of  the  fnutale;t8arfkce  view.  parent  fmstule  on  one  side  of  it ;  it  then  secretes 
a  new  valve  on  its  naked  side,  which  is  smaller 
than  the  older  valve  and  fits  inside  its  rim ;  thus  two  new  individuals  are 
formed. 

It  will  be  noted  that  this  process  of  multiplication  is  accompanied  by  a  de- 
crease in  size ;  and,  were  it  repeated  indefinitely,  the  cells  would  become  very 
smalL  This  process  of  diminution  is  interrupted  by  the  formation  of  otixo- 
ipvreif  either  asexnally  or  sexually.  In  the  former  case  the  protoplasmic  con- 
tents of  a  cell  escape  from  the  separated  valves,  as  an  auxospore,  which,  after 
growing  considerably,  secretes  two  new  valves  forming  a  new  and  larger  fmstule. 
In  the  latter  case,  two  naked  cells  which  have  thus  escaped,  conjugate  to  form 
an  auxospore  which  becomes  a  new  fmstule.  This  process  of  conjugation 
differs,  however,  from  that  of  the  DeamidiesB,  in  that  no  resting  lygospore  is 
formed,  but  simply  a  new  individual. 

Series  Phjbosporbjb.    The  multicellular  body  is  attached ;  it  sometimes  con- 
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sistf  of  ft  flattened  dorriTentral  branehed  filament,  the  branches  of  which  are 
often  coherent  into  a  diic  which  adheres  to  the  sabBtratnm  by  the  Tentral 
surface  and  bears  vertical  shoots  on  its  dorsal  surface  {e,g,  Eotocarpas,  Mjrrio- 
nema,  Pylaiella) ;  the  body  is  freqaently  more  or  less  dearly  differentiated  into 
root  and  shoot,  and  in  some  oases  {e,g.  Oladostephos,  Ch«»topteris)  the  shoot  is 
differentiated  into  stem  and  leaf;  adventitious  roots  are  very  generally  de- 
veloped. 

The  body  presents  a  considerable  variety  of  structure.  In  the  simplest  forms 
{e.g.  Ectocarpus,  Pylaiella,  Choristocarpus,  etc.)  it  is  filamentous  and  branched, 
the  filament  consisting  of  a  single  row  of  cells  {mnnonplumoua) ;  in  others  it  is 
filamentous,  consisting  of  several  coherent  longitudinal  rows  of  cells  (poltf- 
itphonoui ;  e,g,  Girandia,  species  of  Sphaoelaria) ;  or  it  is  monosiphonons  and 
partly  or  completely  invested  by  a  secondary  pareochymatous  tissue  forming  a 
sort  of  cortex  {e.g,  Desmarestiete,  Spermatoohous) :  or  it  is  polysiphonous 
with  a  cortex  {e.g,  Sphacelaria  ieoparia^  Ohetopteris,  Cladostephus) ;  or, 
finally,  it  consists  of  parenchymatous  tissue  frequently  differentiated  into  a  small- 
celled  cortex  and  a  medulla  of  large  cells  elongated  parallel  to  the  long  axis  of 
the  plant  {e.g,  most  Encceliaoe«»,  Laminariacete) ;  the  body  frequently  becomes 
hollow,  a  central  cavity  being  formed  {e.g.  Asperocoocus,  Scytosiphon,  Colpo- 
menia,  Striaria,  Ohorda).  A  body  of  monosipbonous  or  polysiphonous  structure 
is  articulated  longitudirtally  into  segments  corresponding  to  the  cells  which 
coQstitnte  the  filament  or  filaments ;  this  is  also  generally  the  case  when  such 
a  body  is  corticated  {e.g.  Chietopteris,  Arthrodadia)* 

Growth  in  length  may  be 
effected  without  a  definite 
growing-point,  all  the  cells 
being  merismatic  («.p.  gener- 
ally in  Ectocarpace«»  and 
EnccBliaceflB),  in  which  case 
growth  is,  as  a  rule,  limited; 
or  there  may  be  a  definite 
growing-point,  which  may 
be  apical,  with  an  apical  cell 
{e.g.  Spbacelaries,  Diotyo- 
siphon,  Spermatoohnus) ;  or 
the  growing-point  may  be 
intercalary,  either  sub-apical 
{e,g,  Ghordaria)  as  also  in 
Desmarestiaoete  [(Fig.  160), 
Gntleriaoes,   and    Sporoch- 

naceiB    where    the   growth 

:-  ♦«-^i»«*i»-ii:-   /«   oott\    **•  Fio.  18C.— Longitudinal  section  tbrongh  three  inter- 

18  tnchothalhc  (p.  228),  or       ^^^  ^,  ^  ^^^  ^^^  ^^  ciado^Kue  ^icOiatu.: 

more    or    less    basal,   {e.g.      ^  gamotophyll ;  the  larger  appendages  are  foliage- 
Laminariaceie).     The  divi-      leaves,  (x  so :  after  Pringsheim.) 
sion  of  the  apical  cell,  or 

of  the  initial  cells,  of  the  growing-point  takes  place  only  in  one  plane,  the  trans- 
verse. The  pegments  thus  formed  undergo  division  either  only  transversely 
(monosiphonons  forms),  or  longitudinally  (polysiphonous),  or  in  several  planes. 
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The  sporangia  (and  gonidangia)  are  in  all  oases  nnioellalar.  In  the  simple 
filamentoas  forms  they  are  somewhat  enlarged  and  ronnded  cells,  either  inter- 
calary in  position  {e,g,  Pylaiella),  or  terminal,  occapying  the  place  of  a  lateral 
branch,  and  generally  sessile  {e,g,  Ectocarpas,  Choristocarpus,  Sphacelaria, 
etc.).  In  the  more  balky  thalloid  forms,  the  sporangia  may  be  merely  develop- 
meats  of  single  superficial  cells  {e.g.  EncGsliaceaB,  LaminariaoeaB)  scattered  singly 
or  in  groups  (son)  over  the  whole  surface.  In  others  again  they  are  borne 
as  lateral  branches  on  hair-like  outgrowths  from  the  superficial  cells  {e.g. 
Ghordariaces,  SporochnaceeB,  StilophoraoeaB).  In  certain  cases,  where  the 
shoot  presents  differentiation  into  stem  and  leaf  {e.g.  Chsetopteris,  Cladoste 


^.  jf. 

Fie.  188.— Fertile  leaves  of  CladotUphu»  vtrKcOIoiiu :  A  sporoph j1] ;  one  of  the  uni. 
cellular  sporanffia  has  diacharged  its  zoospores  with  a  mass  of  mucilage ;  B  gametophyll, 
bearing  the  moltioeUalar  gametangia.    (x280:  aOer  Pringsheim.) 

phus),  the  sporangia  are  borne  on  specialised  leaves,  sporophylls  (Fig.  186 ;  see 
also  p.  78). 

The  gametangia  are  in  all  cases  multicellular,  each  cell  constituting  a  loculus 
which  gives  rise  to  one  or  more  planogametes.  lu  their  distribution  and  general 
morphology  they  resemble  the  sporangia.  The  gametangia  of  any  one  species 
are,  as  a  rule,  all  exactly  alike,  but  in  some  few  cases  they  present  two  forms 
which  differ  in  the  size,  and  consequently  in  the  number,  of  their  constituent 
cells  {e  g.  Eetocdrput  fene$tratut  and  £.  secundtUf  Cutleriacefe) ;   the  small- 
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celled  gametangia  are  considered  to  be  the  male,  and  the  large-celled  the 
female  organs.    The  plants  may  be  monoecious  or  dicecioas  (Gatleria). 

The  zoospores  and  the  planogametes  are  generally  all  very  maoh  alike  :  in 
Cutleria,  however,  and  in  those  species  of  Ectooarpas  which  have  two  kinds  of 
gametangia,  the  one  kind  of  planogamete  (female)  is  considerably  larger  than 
the  other  (male),  and  has  a  shorter  period  of  motility ;  the  smaller  planoga- 
metes are  developed  in  the  small-celled  gametangia.  A  ^xnal  process  has  been 
observed  in  but  few  cases  (Eeiocarpm  iiliailoBUS,  Seytotiphon  lomentarim, 
Cutleria).  In  the  two  former  the  planogametes  are  externally  similar,  but 
they  behave  differently  in  the  process  of  conjugation,  some  coming  to  rest 
earlier  tban  others,  thus  indicating  that  they  are  female.  When  the  female 
planogamete  is  at  rest,  it  is  approached 
by  a  number  of  the  still  motile  male 
planogametes  (Fig.  187),  one  of  which 
fuses  with  it.  In  Cutleria  the  larger 
planogamete  soon  comes  to  rest,  and  then 
one  of  the  smaller  planogametes  fuses 
with  it.  In  Rctoearpus  tiHcnloBxu  it  has 
been  observed  that,  if  the  planogametes 
fail  to  conjugate,  they  are  capable  of 
germinating  independentlj ;  in  Gatleria, 
also,  the  unfertilised  female  planogamete 
has  been  observed  to  germinate  indepen- 
dently; these  interesting  cases  of  parthe- 
nogenesis indicate  the  incomplete  de- 
velopment of  sexuality  in  this  gronp. 

Inasmuch  as  the  germination  of  the 
zygospore  has  only  been  observed  in  the 
case  of  Ectocarpus  nliculonu  and  of  the 
CutleriacesB,  it  is  only  with  reference  to 
these  plants  that  any  definite  statement 
can  be  made  as  to  the  life-history  obtain- 
ing in  this  group.  In  E.  iiliculotus  the 
zygospore  gives  rise  to  a  plant  which  re- 
sembles its  parents,  so  that  here  there  is 
no  indication  of  an  alternation  of  genera- 
tions. In  the  Gutleriacea,  on  the  other 
hand,  the  zygospore  gives  rise  to  an 
asexual  form  which  is  probably  a  true 
sporophyte ;  in  the  one  genus,  Zanar- 
diuia,  this  asexual  form  closely  resembles  the  sexual;  in  the  other  genus, 
Cutleria,  the  asexual  form  is  very  different  from  the  sexual  in  appearauce,  and 
has  long  been  regarded  as  a  distinct  genus  under  the  name  Aglaozonia.  With 
regard  to  the  ether  genera  of  the  group,  it  is  probable  that  in  those  forms 
(<•.<;.  many  EotocHrpaoeie)  in  which  the  same  individual  bears  at  one  time 
sexual,  and  at  another,  asexual  orgaqs,  there  is  no  alternation  of  generations ; 
and  further,  that  in  those  forms  {e.g,  many  Sphacelariefe)  in  which  the 
asexual  and  the  sexual  organs  are  never  borne  by  the  same  individual,  there  is 


e 
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Fig.  187.  — Sexual  proc<>»B  in  Fcto- 
carjnu  nliculotu* :  I  a-/,  female  pluno- 
Kamete  comin?  to  rei>tt  II  resting^ 
female  planogamete  saspended  from 
the  surface  of  the  water,  with  numerous 
motile  male  planogametes  i  III  con- 
jugation of  a  male  and  a  female 
planogamete.    (x790:  after  Berthold.) 


Digitized  by 


Google 


262  PART  III. — THE   CLASSIFICATION  OF    PLANTS. 

an  alternation  of  generations,  the  asexual  form  being  the  sporophyte.  It  is 
also  probable  that  in  the  case  of  those  forms  of  which  only  individaals  bearing 
either  asexual  {e.g,  Desmarestia,  Laminaria)  or  sexual  (e.g,  Soytosiphon, 
Phyllitis,  Colpomenia)  organs  are  known,  the  life-history  may  present  an  alter- 
nation of  generatioAs. 

The  Plueospore»  are  almost  exclusively  marine,  the  only  fresh- water  forms 
being  the  geuns  Plei^ooladia  (EctocarpacesB)  and  two  species  of  the  genus 
Lithoderma.  The  size  of  the  plants  included  in  this  series  Taries  widely,  from 
microscopic  Ectoearpacett  to  gigantic  tree-like  Laminariacefe,  such  as  Macro- 
oystis,  Nereocystis,  etc.,  which  may  attain  a  length  of  several  hundred  feet.  In 
some  of  the  Laminarias.  which  have  cylindrical  stalk-like  region  In  their  thalloid 
shoot  (see  Fig.  159),  secondary  growth  in  thickness  takes  place  by  means  of  a 
merismatic  layer.  In  these  large  forms,  too,  the  conducting  tissue  is  sometimes 
so  far  developed  as  to  form  sieve-tubes ;  though  no  woody  tissue  is  developed, 
nor  is  it  required  in  view  of  the  fact  that  these  plants  live  submerged. 

Series  Phjsogaiia.  The  orders  comprised  in  this  group  are  characterised  by 
the  oogamous  sexual  process,  by  the  absence  of  gonidia,  and  by  the  non- 
motile  spores ;  the  orders  may  be  conveniently  described  separately,  as  they  are 
well  defined. 

Order  8.  TilopteridacesB.  Body  filamentous,  differentiated  into  shoot  and 
root;  the  shoot  is,  in  its  younger  parts,  monosiphonous ;  in  its  older  parts 
polysiphonous,  but  without  cortex ;  growth  in  length  by  means  of  intercalary 
growing-points ;  lateral  members,  some  with  unlimited  growth  (branches),  some 
with  limited  growth;  the  root  consists  of  a  single  row  of  oells,  and  its  growth  is 
intercalary,  without  any  special  growing-point ;  marine. 

The  asexual  and  sexual  reproductive  organs  are  borne  on  distinct  individuals. 
The  asexual  organs  are  terminal,  or  less  commonly  intercalary,  unicellular 
sporangia;  the  sexual  organs  are  unicellular  oogonia,  and  multicellular  an- 
theridia  (resembling  the  gametangia  of  the  PhsBOspores),  and  are  intercalary 
The  sporangium  gives  rise  to  a  single  non-motile  spore,  which,  at  the'  time 
it  is  set  free,  has  a  delicate  cell-wall,  and  contains  four  nuclei.  The  oogonium 
(which  somewhat  resembles  the  sporangium  in  form)  gives  rise  to  a  single 
oosphere,  which,  when  it  leaves  the  oogonium,  has  no  cell-wall.  Each  cell 
of  the  antheridium  gives  rise  to  a  single  spermatozoid,  oval  in  form,  with 
two  cilia.  Tne  sexual  process  and  the  germination  of  the  oospore  have  not 
been  observed.  The  spore,  on  germination,  undergoes  repeated  division, 
forming  a  solid  multicellular  body,  from  which  a  long  root  grows  out ;  from 
the  multicellular  embryo  spring  the  adult  shoots. 

The  life-history  of  the  Tilopteridaceas  probably  presents  an  alternation  of 
generations,  the  form  bearing  the  asexual  organs  being  the  sporophyte:  for 
instance,  the  forms  known  as  Haplospora  and  Scaphospora  are  probably  the 
asexual  and  sexual  generations,  respectively,  of  the  same  plant,  a  Tilopteris. 

Order  9.  Dictyotaceae.  Body  flattened,  ribbon  or  fan-shaped,  sometimes 
diohotomonsly  branched,  consisting  of  several  liyers  of  parenchymatous  cells, 
with  a  well-marked  midrib  in  Dictyopteris,  differentiated  into  root  and  shoot ; 
growth  of  the  shoot  takes  place  in  Diotyota  by  means  of  a  single  apical  cell 
(see  Fig.  140),  in  the  other  furms  by  a  marginal  series  of  merismatic  cells.  Both 
asexual  and  sexual  organs  are  known.    The  asexual  organs  are  unicellnlar 
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sporangia,  borne  on  distinct  individaalB ;  each  sporangium  sets  free  fear 
spores  (tetraspores),  which  are  destitute  of  a  cell-wall  and  of  cilia.  The  sexual 
organs  are  unicellular  oogonia  and  multicellular  antberidia ;  the  oogonia  are 
generally  in  groups  (sori),  and  each  gives  rise  to  a  single  oosphere,  which  is  set 
free  as  a  naked  unciliated  cell ;  the  antheridia  are  always  in  groups  (sori),  and 
give  rise  to  a  large  number  of  small,  apparently  non-motile,  sperroatozoids, 
which  have  no  chromatophores.     The  process  of  fertilisation  has  not  been 


Fio.  186.—Futu9  veticulotiu,  about  half  jmL  sixe :  h  air-bladdors ;  /  fertile  branch. 

observed.     The  male  and  female  organs  are  either  borne  on  the  same  plant 
(e,g,  Padina),  or  on  distinct  plants  (Dictyota,  Taonia). 

The  tetraspores  and  the  oospores  germinate  alike.  The  spore  divides  into 
two  cells,  one  of  which  grows  out  into  the  filamentous  primary  root,  the  other 
grows  out  directly  into  the  shoot  in  Dictyota  and  Zonaria;  but  in  Taoaia, 
Padina,  and  Dictyopteris,  the  development  is  heteroblastic,  since  the  latter  cell 
gives  rise  to  a  rounded  multicellular  embryo,  from  which  the  adult  shoot  grows 
out  as  a  branch.  In  the  embryonic  shoot  of  Taonia  and  Dictyopteris  there  is 
a  single  apical  cell,  but  eventually  it  gives  place  to  a  number  of  initial  cells. 
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It  is  extremely  probable  that  the  life-history  of  these  plants  presents  a 
definite  alternation  of  generations,  the  asexual  form  being  the  sporophyte.  If 
this  be  so,  the  affinity  to  the  Bhodophyceie  ^hioh  is  suggested  by  the  similarity 
of  four  spores  developed  in  the  sporangium  of  this  group  to  the  **  tetraspores*'  of 


Fio.  ISD.—Sectlon  of  a  femsle  coaoepkaole,  with  ■nrronading  tissue,  cf  Fueut  Mafevlonw, 
( X  60:  after  TlMret.) 


a 

Fi6.  190.— Fuevt  v««{euZotu«.  a  Pamphyiits,  from  male  oonceptac^e,  bearing  antheridia ; 
h  an  oogoninm  with  parapbjMs ;  o  process  of  fertilisation,  the  eztraded  ooephere  sur- 
rounded by  spermatoioids ;  d  developing  embryo.    (  x  100 :  after  Thnret.) 
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Fio.  \9\.—A  Eight  oospheres  extraded  from  the  oofroninm,  surrounded  by  fc.<e  inner  luyer 
of  the  oell-wall:  B  contents  of  an  antheridiom  set  free*  sarronnded  by  a  layer  of  the  cell- 
wan :  Caatheridlnm :  D  section  of  contents  of  an  oogoninm  showing  the  divisions  accom- 
panying the  development  of  the  ooepheres :  B  oospheres  set  free  in  consequence  of  the 
rupture  of  the  layer  of  cell-wall  by  which  they  were  surrounded  when  first  extruded :  F 
nnd  H  ooepheres,  with  spermatozoids :  G  sperroatozoids.  A-F  Fucus  platycarput;  QH, 
F.  90«iculosii«.    (Cand  G  x  540;  other  figs,  x  240:  aOer  Strssbnrger.) 
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the  BhodophyoeflB,  becomes  altogether  illasoiy ;  for  in  the  Dictjotaceie  tbete 
spores  are  developed  on  the  sporophyte,  whilst  the  **  tetraspores "  of  the 
RhodophyoeflB  are  gonidia  developed  by  the  gametophyte.    All  marine. 

Order  10.  Fucace«.  Body  differentiated  into  root  and  shoot ;  shoot  usoally 
thalloid,  either  cylindrical  or  flattened;  differentiated  into  stem  and  leaves  in 
Sargassom;  growth  in  length  by  a  single  apical  cell;  branching  generally 
dichotomoos.  No  asexual  production  of  gonidia  or  of  spores,  and  therefore  no 
alternation  of  generations.  Sexual  organs,  unicellular  antheridia  and  oogonia ; 
spermatozoids,  ciliated,  formed  several  together  in  the  antberidium ;  oospheres, 
set  free  but  not  ciliated ;  one  (Pycnophycus,  Himanthalia,  Halidrys,  Sargassum, 
Cystoseira),  two  (Pelvetia),  four  (Ascophyllum)^^  eight  (Fucue)  formed  in  each 
oogonium.    Marine. 

The  body  consists  of  what  may  be  termed  cortical  and  medullary  tissue. 
The  cortical  tissue  consists  of  dosely^papked  parenchymatous  cells,  the  ex- 
ternal layer  of  which,  the  limiting  layer,  is  for  a  time  merismatic,  and  plays  an 
important  part  in  the  growth  of  the  body.  The  medullary  tissue  consists  of 
filamentous  rows  of  cells  the  walls  of  which  are  mucilagiuons  and  much 
swollen.  The  cortex  is  essentially  the  assimilatory  tissue  and  the  medulla  the 
conducting  tissue. 

In  some  genera  {e.g,  Fuciu  veiiculotut,  Aseopbyllum,  Halidrys,  Cystoseira, 
Sargassum)  there  are  large  intercel!ular  spaces,  filled  with  air,  which  project  on 

the  surface,  and  are  known  as 
air-bladdert ;  '  they  serve  as 
floats.  In  Halidrrs  and  Sar- 
gassum  the  air-bladders  are 
borne  on  special  branches. 

The  sexual  organs  are  in 
all  cases  borne  in  depressions 
of  the  surface  known  aseoti- 
erptfieU$  (Fig.  189.)  The 
conceptacles  are  commonly 
confined  to  special  portions  of 
the  thallus ;  'either  to  the  tips 
of  the  branches  (e,g,  Fucus, 
Cystoseira)  or  to  special 
branches,  the  gametophores 
{e.g.  Himanthalia,  Aseopbyl- 
lum, Sargassum).  From  the 
inner  surface  of  the  concep- 
tacle  there  arise  a  number 
of  hairs  {paraphyeet)  among 
which  the  sexual  organs  are 
borne.  The  oogonia  (Fig.  190) 
are  nearly  spherical,  and  are 


Fia.  192.  — Himanthalia  l6rfa  (mncb  reduced),    a 


borne  on  a  short  stalk  con- 


Vegetative  part  of  body ;  b  branched  Kametophore. 

sisting  of  a  single  cell ;  the 

antheridia  (Fig.  190)  are  the  lateral  branches  of  some  of  the  hairs.    The  plants 

may  be  monoecious  {e»g,  Fueut  platycarpiUt  Halidrjs,  Felvetia,  Cystoseira, 
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SargasBom),  or  dioBoioas  {e,g,  Himanthalla,  AsoopbyUam,  Ftteu$  ve$ieulotui  and 
$erratu$) ;  io  the  former  case  each  oonceptacle  containB  both  antheridia  and 
oogonia. 

The  oospore,  which  is  the  prodnct  of  the  fertilisation  of  an  oosphere,  germin- 
ates without  any  period  of  qoiescenoe.  It  first  becomes  somewhat  pear-shaped ; 
it  is  then  divided  into  two  by  a  transverse  wall ;  the  more  pointed  of  the  two 
cells  forms  the  primary  root,  whilst  the  other  gives  rise  to  the  shoot  (Fig  190  d.) 

Sub-Class  IV.  RHODOPHTCBii  or  Red  Algm.  Multicellular 
plants ;  body,  generally  differentiated  into  shoot  and  root ;  shoot, 
sometimes  differentiated  into  stem  and  leaf;  flattened  or  fila- 
mentous ;  when  filamentous,  consisting  of  a  single  longitudinal 
row  of  cells  (monosipkonous)  or  of  several  rows  (polysiphonotts) 
with  or  without  a  small-celled  cortex ;  the  filamentous  forms  grow 
by  means  of  a  single  apical  cell  from  which  segments  are  cut  off 
either  by  transverse  walls,  or  by  oblique  walls  alternately  right 
and  left ;  the  flattened  forms  grow  by  means  of  a  marginal  series 
of  initial  cells ;  but  in  the  Bangiacesd  there  is  no  growing-point, 
all  the  cells  being  merismatic  :  branching,  generally  monopodial, 
but  sometimes  sympodial  {e.g,  Plocamium,  Dasya)  :  adventitious 
roots  common.     _ 

Vegetative  reproduction  by  gemm®  {e,g,  Monospora,  Melobesia) 
is  rare. 

Reproduction  by  means  of  asexually  produced  spores  occurs 
throughout  the  sub-class;  the  sporophyte  (cystocarp)  always 
produces  spores  (carpospores)  ;  the  gametophyte  usually  produces 
gonidia  (usually  tetragonidia)  except  in  the  LemaneacesD  and  most 
Helminthocladiaceas ;  the  gonidia  are,  as  a  rule,  not  borne  on  indi- 
viduals which  produce  sexual  organs  (actual  gametophytes),  but 
on  distinct  individuals  (potential  gametophytes),  though  there  are 
exceptions  to  this  rule  (e,g.  Lomentaria  kaliformisy  Callithamnion 
corymbosum,  Polysiphonia  variegata,  etc.). 

The  gonidia  are  produced  in  unilocular  gonidangia,  either 
singly,  or  two  together,  or  sometimes  as  many  as  eight,  but  most 
commonly  in  fours ;  hence  they  are  generally  termed  tetragonidia. 
The  tetragonidia  niay  be  formed  tetrahedrally  in  the  gonidanginm  ; 
or  by  transverse  divisions,  when  they  are  said  to  be  zonate;  or  by 
two  divisions  at  right  angles  to  each  other,  when  they  are  said  to 
be  cruciate. 

The  arrangement  of  the  gonidangia  on  the  shoot  is  various.  In 
simple  monosiphonous  forms  (eg,  Callithamnion)  the  terminal 
cells  of  short  lateral  branches  become  gonidangia.     In  forms  of 
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more  complex  strnctnre  the  gonidangia  are  developed  internally, 
within  the  superficial  layer  of  tissue.  The  gonidangia  may  be 
scattered  over  the  surface  of  the  shoot,  or  collected  into  special 
receptacles  of  various  forms.  In  some  cases  (e.g.  some  Rhodome- 
lacese,  such  as  Dasya,  Chondriopsis,  Polysiphonia)  the  gonidangia 
are  confined  to  certain  specially  modified  branches  (gonidiophores) 
which  are  termed  stichidia.  The  tetragonidia  are  set  free  as 
spherical  unciliated  cells  without  a  cell- wall. 

The  sexual   organs  are    antheridia  and    procarps;    they   arc 

usually  borne  by  distinct  individuals,  but  in  some  cases  on  the 

same  (e.g.  Grateloupia,  Halymenia,  Hala- 

rachnion,   Nemastoma,    Dudresnaya  coc- 

cinea     and     purpurifera^     GloBoHpkonia 

X      capillaris,  Helmtnthora  divarlcata). 

The  antheridia  are  small  and  unicel- 
lular; in  the  simple  filamentous  forms 
they  occur  singly  or  in  groups   at  the 
/      ends  of  the  branches ;  in  others  of  more 
complex  structure,  they  are  produced  in 
s      special  receptacles  (e.g,  Corallinaceae)  ;  in 
the  flattened  parenchymatous  forms  they 
occur  in  groups  on  the  surface ;  in  those 
forms  in  which  the  shoot  is  differentiatenl 
into  stem  and  leaf  (e.g.  some  Rhodome- 
lacesB  such  as  Polysiphonia  fastigiata  and 
nigrescens,    Chtmdriopsis   tenuissima)   the 
antheridia  are  confined  to  the  leaves,  the 
Fici.iM.-Portionof  abnmch     'whole  or  part  of  the  leaf  being  specially 
of  D«ya  <i«9aiu.  beariii«r  a     modified  for  this  purpose.     The   male 

Btichidium  (•).  with  tetragon!.  ..     .  ...  jj  j     •       i     •     xi_ 

dangia  (0;  v  empty  tetragoi.u  cells  (spermotta)  are  formed  singly  m  the 
dangiam.  (x  26:  after  Kuti-  antheridia,  and  are  set  free  as  small, 
spherical  or  oval,  unciliated  cells  desti- 
tute of  a  cell-wall ;  they  acquire  a  cell-wall  at  the  time  of  fertili- 
sation; they  contain  no  chromatophores,  except  in  BangiacesB. 

The  procarp  presents  considerable  variety  of  form  and  structure. 
It  may  be  unicellular  (e.g.  Bangiaceaa,  Chantransia,  Batracho- 
spermum,  Lemanea,  Nemalion),  or  multicellular,  as  is  more  com- 
monly the  case.  The  unicellular  procarp  consists  simply  of  a 
carpogonium  prolonged  (except,  perhaps,  in  Bangia)  into  a  filament 
termed  the  trichogyne.  Various  descriptions  are  given  of  the 
structure  of  the  multicellular  procarp ;   however,  it  appears  to 
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consist  essentially  of  a  nnicellular  carpogoniam  (with  a  trichogjne) 
together  with  one  or  more  speciallj  differentiated  auxiliary  cells. 
In  some  cases  (e.g,  Dudresnaya  cocdneOy  SqnamariacesB),  the  carpo- 
goniam and  the  anxiliarj  cells  are  not  developed  in  the  same 
procarp,  bat  in  distinct  organs. 

Whether  the  procarps  be  nnicellular  or  mnltioellnlar,  the  carpo- 
gonia  agree  in  that  the  trichogjne  remains  closed,  and  farther, 
in  that  the  protoplasm  of  the  carpogoniam  does  not  undergo  re- 
juvenescence  to   form    a    distinct 
female  cell  (oosphere)  as  is  the 
case  in  the  oogamous  Alg». 

The  carpogonium  is  (except  in 
the  Bangiaceee)  developed  from  the 
terminal  cell  of  a  lateral  appen- 
dage; in  some  cases  (e,g.  Pulysl- 
phonia  fastigiata  and  nigresceru)  the 
lateral  appendage  is  a  leaf,  the 
whole  or  part  of  which  goes  to 
form  the  procarp ;  in  the  Coral- 
linacesB  the  procarps  are  aggre- 
gated in  receptacles. 

The  sexual  process  consists  in 
the  fusion  of  the  protoplasmic  con- 
tents of  a  spermatium  with  those 
of  a  trichogjne.  The  spermatium 
is  brought  bj  the  water  into  con- 
tact with  the  projecting  trichogjne 
to  which  it  adheres,  the  sperma- 
tium being  at  this  time  covered 
with  a  cell-wall ;  the  intervening 
cell- walls  are  absorbed  at  the 
point  of  contact,  and  the  proto- 
plasm of  the  spermatium  enters 
the  trichogjne. 

The  product  of  fertilisation  is  a  fructification  termed  a  cysto- 
carp,  consisting  of  a  number  of  carposporangia.  The  cjstocarp  is 
developed  either  directlj  or  indirectlj  fj'om  the  carpogonium: 
directlj,  when  the  procarp  is  unicellular;  indirectlj,  when  it  is 
developed  from  both  carpogonial  and  auxi liar j  cells :  the  tricho- 
gjne takes  no  part  in  the  development  of  the  cjstocarp,  being 
shut  off  bj  a  septum. 


Fie.  194.— Sexual  organs  of  Nemalion 
(xSOO)  A  ends  of  branches  bearing  a 
unicellular  procarp  tr^,  and  a  group  of 
antheridiat;  the  trichogyAe  (t)  of  the 
procarp  has  two  spermatia  (•)  adherini; 
to  it.  B  early  stage  in  the  development 
of  the  cjstooarp ;  the  fertilised  carpo- 
goniam is  undergoing  growth  and 
dividion.  0  nearly  matore  oystocarp, 
consisting  of  a  number  of  short  fila- 
ments each  terminating  in  a  carpot»pn- 
rHugium.  The  development  of  the 
cystocarp  is  direct. 
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The  simplest  mode  of  direct  formation  of  the  cystocarp  occars 
ic  the  Bangiacese ;  the  cavity  of  the  carpogonium  becomes  cham- 
bered, by  the  formation  of  cell-walls,  into  usually  eight  cells,  each 
of  which  is  a  sporangium,  giving  rise  to  a  carpospore :  only  a 
single  spore  is  formed  in  the  genus  Erythrotrichia.  In  other  cases 
of  direct  formation  (e.g,  Nemalion,  Batrachospermum,  Cbantransia, 
Lemanea),  the  carpogonium  gives  rise  to  a  number  of  filaments, 
termed  ooblastema-filamentSf  which  bear  a  cluster  of  sporangia 
(Fig.  194). 

In  the  indirect  formation  of  the  cystocarp,  the  carpogonium 
fuses  with  one  or  more  of  the  auxiliary  cells.    In  the  simplest  case 


^.  Ji. 

Ff  o.  195.— Sezoal  organs  of  SprtMtKnmnfon  litrmnphndihun,  A  Mule  ftnd  female  organs ; 
e  maltioellalar  firocarp;  t  trichogyne;  t'  trichophore;  on  tarmical  cluster  of  antheridia. 
B  cjrstooarp  developing  from  the  fertilised  prooarp;  a  olnster  of  oarposporangia  is 
springing  from  each  of  the  two  opposite  lateral  aoxiliary  cells.  The  development  of  tha 
cystocarp  is  indirect  (x  900:  after  Naegeli). 

{e,g.  Gigartinaceae,  Rhodymeniacece,  SphsBrococcea),  Rhodomelacead), 
the  carpogonium  fuses  directly  with  the  auxiliary  cell  (or  cells), 
and  from  the  latter  the  sporangia,  or  filaments  bearing  sporangia, 
are  formed.  In  other  cases  the  carpogonium  gives  rise  to  one 
or  more  elongated,  branched,  ooblastema-filaments  which  fuse 
with  one  or  more  auxiliary  cells,  and  the  sporangia  are  produced 
either  from  the  ooblastema-filaments  (e,g,  Gelidiaceaa)  or  from  the 
auxiliary  cells  (e.g,  SquamariacesB  and  other  CryptoneminsB). 

In  the  Corallinaceae,  where  the  procarps  are  aggregated  in  re- 
ceptacles, only  a  single  cystocarp  is  formed  from  the  whole  gr^oup 
of  procarps.  Some  of  the  procarps  appear  to  be  altogether  abor- 
tive, and  only  those  toward  the  centre  of  the  group  have  tricho- 
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gynes,  whilst  others  seem  to  have  onlj  anxiliarj  cells :  after 
fertilisation,  the  carpogonia  of  the  central  procarpia  fnse  with 
each  other,  and  with  the  anziliarj  cells  of  the  other  procarpia, 
forming  a  large  cell  from  the  periphery  of  which  the  carpo- 
sporangia,  constituting  the  cystocarp,  are  developed. 

The  oell-fnsioDB  alladed  to  above  are  frequenUj  considered  to  be  of  the  nature 
of  a  sexual  process.  For  instance,  in  Dttdremaya  eoceinea,  the  prooarp  bearing 
the  trichogyne  is  regarded  as  a  trichophore,  whilst  the  procarp  which  inolndes 
the  anxiliary  cell,  bot  has  no  trichog^me,  is  regarded  as  the  carpogoninm  proper : 
the  ooblastema-filament  which  grows  from  the  former  snd  fuses  with  the  latter, 
is,  from  this  point  of  view,  a  trieht»phoric  tube  which  conveys  the  fertilising 
sabstaoce  of  the  spermatinm  from  the  triehoph'ore  to  the  carpggoninm.  From 
the  point  of  view  of  the  foregoing  paragraphs,  the  fusion  of  carpogonial  with 
anxiliary  cells  is  simply  of  nutritive  importance.  Though  both  views  are  tenable, 
the  latter  is  strongly  supported  by  the  fact  that  in  certain  forms  {e.g.  some 
QelidiaccA  such  as  Wrangelia,  Pterodadia)  the  ooblastema-fllaments  fnse  with 
vegetative  cells  of  the  body. 

In  many  cases  the  cystocarp  consists  merely  of  the  cluster  of 
sporangia  (e.g.  Bangia,  Chantransia,  Callith amnion,  Dndresnaya) ; 
in  other  cases  the  cluster  of  sporangia  is  surrounded  by  a  cellular 
inyestment,  termed  the  pericarp^  formed  by  the  growth  of  adjacent 
sterile  cells.. 

Each  sporangium  always  gives  rise  to  a  single  carpaspore^  which 
is  set  free  as  a  somewhat  spherical  unciliated  cell  destitute  of  a 
cell-waU,  and  germinates  without  any  quiescent  period. 

The  germination  of  the  tetragonidia  and  of  the  carpospores  has 
only  been  followed  in  a  few  cases.  Generally  speaking  the  spore 
becomes  elongated  in  form,  and  is  attached  by  the  more  pointed 
end  which  is  almost  colourless ;  division  by  a  transverse  wall  then 
takes  place ;  the  elongated  attached  cell  developes  into  the  root, 
the  other  into  the  shoot. 

Batrachospermnm  and  Lemanea  are  exceptions  to  the  general 
rule  that  the  germinating  carpospore  gives  rise  directly  to  the  adult 
form,  and  afford  good  examples  of  heteroblastic  embryogeny  (see 
p.  14).  In  Batrachospermnm,  the  carpospore  gives  rise  to  a  small 
flattened  embryo,  from  which  there  ai*i8e  monosiphonoas  filaments ; 
these  filaments  constitute  what  is  termed  the  Chantransia-form 
which  reproduces  itself  by  means  of  gonidia ;  from  the  Chantransia- 
form,  the  Batrachospermnm- plant  springs  as  a  lateral  branch, 
and,  producing  roots,  becomes  independent.  In  Lemanea  the 
course  of  development  is  essentially  the  same,  only  that  the 
Chantransia-form  does  not  prod  ace  gonidia. 

The  life-history  of  the  Rhodophyce®  is  generally  considered  to 


Digitized  by 


Google 


272  PjLBT  III.—THU  CLASStnCATION  OF   PLANTS. 

present  an  alternation  of  generations ;  the  plant  is  tlie  gameto*« 
phjte  (either  actual  or  potential)  and  the  cystocarp  is  the 
sporophjte.  In  Batrachospermnm  and  Lemanea  the  life-historj 
is  complicated  hj  the  polymorphism,  of  the  gametophjte. 

The  KhodophjceaB  are  almost  exclasiyely  marine;  the  only 
fresh-water  forms  are  Batrachospermnm,  Lemanea,  and  species  of 
Chantransia,  Bangia,  and  Hildenbrandtia. 

The  sab-class,  sometimes  also  termed  Flobtdec,  is  subdivided 
into  a  number  of  orders,  the  limits  of  which  are  at  present  but 
imperfectly  defined,  of  which  the  following  are  the  principal : — 

,  Series  I.    Kbxauonxnjb. 

Order   1.  Helminthooladiaoes :  principal  gener«,  Batraobospermam,  Chan- 
transia,  HelminthooUdia,  Nemalion,  8oinaia,'  Helminthora. 
„       2.  Lemaneaoefld;  Lemanea. 

„       3.  QelidiaceaB :  principal  genera,  Oaalacanihns,  Pterodadia,  Geli« 
dinm,  Wrangelia,  Naccaria. 
Sjries  II.    GioABTOinffJB. 
Order   4.  Oigartinacee:  principal  genera,  Phyllophora,  Oigartina,  Chon- 
dral, IridAa,  GjmnogoDgnis. 
„       5.  BhodophyllidaoeaB :  principal  genera,  CateneUa,  Bhodophyllis. 
Series  III.    Bhootmxmima. 
Order   6.  SpbaBrococcaces :   principal  genera,  Gracilaria,  Spheerococcos, 
Hypnefu    . 
„       7.  lihodymeDiaceiB :   principal  genera,   Bhodymenia,   Lomentaria, 

Plocamium,  Ghylocladia,  Champia. 
„       8.  Delesseriaceaa :  principal  genera,  Delesseiia,  Nitophyllom. 
„       9.  BoDnemaisoniaoes  I  principal  genera,  Bonnemaisonia,  Lepto- 

pbjllis. 
„     10.  Bhodomelaceie :    principal   genera,   Polysipbonia,    Bbodomela, 

BbyiipbloBa,  Cboudriopsis,  Dasya,  Laurencia,  Yidalia. 
„      11.  Ceramiace»:  principal   genera,    Oeraminm,   Spermotbamnion, 
CalUthamnion,  Griffithsia,  Piilota,  Monospora. 
Series  IV.    Cbiptonbmdijb. 
Order  13.  GloeosipboniaceaB :  GloBOsiphonia,  etc 
„     13.  GrateloupiaceiB :   principal  genera,  Grateloopia,  Cryptonemia, 

Halymenia. 
„      14.  Dnmontiaceie :  principal  genera,  Domoniia,  Dndresnaya. 
„     15.  KeniastomaceA:   principal  genera,  Scbizymenia,  Nemastoma, 

Forcellaria. 
„      16.  Bbizopbyllidacee :  Polyides,  Bbizophyllis. 
„     17.  SqoamariaoeiB :    principal    genera,    Peyssonnelia,    Petrocelis, 
Hildenbrandtia. 
Order  18.  CorallinaceflB :    principal   genera,  Corallina,    Melobesia,    Litbo- 
pbyllQm,  Litbotbamnion. 
Series  Y.    Pobpbtbihjb. 
Order  19.  Bangiacee :  principal  genera,  Bangia,  Porpbyra,  Erytbrotricbia. 
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CLASS  II.— FUNGI. 


This  class,  like  the  preceding,  includes  manj  very  simple 
organisms,  as  well  as  others  of  tolerably  high  developments 
None  of  them  contain  chlorophyll ;  hence  they  cannot  assimilate 
so  simple  a  carbon-compound  as  carbon  dioxide,  bnt  must  take 
np  their  carbonaceous  food  in  the  form  of  rather  complex  com- 
pounds, and  their  structure  and  mode  of  life  are  correlated 
with  this  peculiarity.  Some  are  parasitic,  such  as  the  Rusts 
and  Smnt«,  and  absorb  these  complex  carbon-compounds  from 
other  living  organisms,  whether  plants  or  animals.  Others  are 
saprophytes,  absorbing  these  compounds  from  the  remains  of 
dead  organisms,  or  from  organic  substance  foi*med  by  living  or- 
ganisms :  the  numeix)us  and  often  large  Fungi  which  grow  on 
humus  or  leaf-soil  in  forests,  or  on  the  bai*k  of  trees,  are  examples 
of  the  former  case ;  the  Yeasts  and  Moulds  which  make  their 
appearance  on  juicy  fruits,  saccharine  liquids,  etc.,  are  examples  of 
the  latter.  Some  Fungi  are  symbiotic;  that  is,  they  live  in  inti- 
mate relation  (symbiosis)  with  plants  which  possess  chlorophyll, 
and  obtain  from  them  the  necessary  carbonaceous  food,  but  without 
destroying,  or  apparently  injuring  them.  They  commonly  live 
with  Alg89,  forming  Lichens  (see  p.  319) ;  or  in  connexion  with  the 
roots  of  trees  (esp.  Cupuliferae)  and  of  Orchids,  Leguminosas,  and 
other  plants,  or  with  prothallia  (e,g.  Lycopodium),  forming  what 
is  known  as  Mycorhiza, 

The  vegetative  body  may  be  unicellular,  or  coenocytic.  In  the 
former  case  it  is  small  and  rounded  or  rod-shaped  in  form.  In 
the  latter  case  the  body  is  always  a  myc^lium^  consisting  of  more 
or  less  bi*anched  filaments,  termed  hijphoe.  The  mycelium  may  be 
jinseptate,  as  in  the  Phycomycetes,  in  which  case  the  body  I'e- 
sembles  in  structure  that  of  the  Siphonacece  among  the  Gi-een  Algne 
(see  p.  238).  Or  the  mycelium  may  be  septate,  as  in  the  higher 
Fungi,  in  which  case  it  appears  to  be  always  incompletely  septate ; 
that  is  to  say,  the  segments  of  the  hyphsB  which  are  marked  out  by 
the  transverse  septa,  are  not  cells,  each  with  a  nucleus,  but  contain 
several  nuclei,  and  are  coenocytes  (as  in  the  Cladophoi-aceas  among 
the  Culorophyce©).  The  hyph©  grow  in  length  at  the  apex  ii» 
the  manner  of  such  Alg»  as  Yaucheria  and  Cladophora  (sec 
p.  222). 

In  some  of  the  more  complex  forms,  the  hyphae  of  the  i*epro- 

V.  8.  B.  T 
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ductiye  organs  form  compact  masses  of  tissae  of  a  somewhat 
parenchjmatoas  appearance,  in  which  there  is  no  differentiation  of 
tissne-systems,  bat  the  superficial  layers  of  hyphao  form  a  kind  of 
tegDment«ry  tissae,  termed  generally  cortex.  Considerable  differ- 
ences in  the  natnre  of  the  cell- wall  may  obtain  in  different  parts  of 
snch  organs,  some  walls  being  soft  and  mucilaginous,  whilst  others 
are  relatively  hard  without,  however,  ever  being  lignified.  In 
a  few  Mushrooms  (e.g,  Lactarius)  some  of  the  hyphee  form  a 
system  of  laticiferons  tissue,  and  in  others  glandnlar  structures 
occur. 

Except  in  the  simplest  forms,  the  body  is  generally  more  or  less 
clearly  differentiated  into  i*oot  and  shoot.  These  members  can  be 
distinguished  partly  by  their  relative  position,  the  root-hyph© 
growing  into  the  substratum,  and  the  shoot-hyphsB  into  the  air; 
and  partly  by  the  fact  that  the  shoot-hyphse  bear  the  reproductive 
organs.  Some  parasitic  forms  have  root-like  organs,  termed 
haustorta,  which  penetrate  into  the  cells  of  the  host;  similar 
organs  occur  in  some  saprophytes,  and  in  others  (e.g.  crustaceous 
Lichens)  the  roots  (sometimes  called  rhizines)  consist  of  bundles  of 
hyphen.  There  is  in  no  case  any  differentiation  of  the  shoot  into 
stem  and  leaf. 

The  foregoing  aeooont  does  not  apply  to  the  body  of  the  Myzorojcetes, 
which  consists  of  a  multinadeate  mass  of  protoplasm,  termed  a  plcumodimn, 
withont  any  cell- wall.  It  is  formed  by  the  cohesion  of  a  namber  bf  small, 
originally  independent  cells,  like  that  of  the  Hydrodiotyaces  among  the  Alg» 
(see  p.  242). 

Vegetative  propagation  is  common  among  the  Fungi.  The 
simplest  form  of  it  is  simple  cell-division  {e.g.  Schizomycetes),  or 
that  form  of  cell-division  known  as  budding  or  sprouting  {gemm- 
ation) {e.g.  the  Yeast-forms  of  various  Fungi).  It  is  effected  in  some 
cases  {e.g.  in  some  Zygomycetes,  Ascomycetes,  and  Basidioraycetes) 
by  unicellular  gemmcB  of  various  sizes  (termed  chlamydogonidia 
when  they  are  relatively  large  and  thick- walled,  and  are  adapted  for 
a  period  of  quiescence  ;  oidium-cells,  when  they  are  small  and  thin- 
walled  and  capable  of  immediate  germination)  which  are  formed 
by  the  segmentation  of  a  hypha  by  transverse  septa  into  short  cells 
which  become  somewhat  rounded  and  separate  from  each  other ; 
on  germination,  each  may  give  rise  to  a  mycelium.  In  other 
cases  {e.g.  many  Ascomycetes,  snch  as  the  SclerotiniesB,  Pezizeae, 
Claviceps,  etc. ;  some  Basidiomycetes,  snch  as  Copnuus  stercorarius, 
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species  of  Tjphnla  and  Agaricas),  it  is  effect^^  ^7  bodies  termed 
sclerotia ;  each  scierotiam  consists  of  a  compact  mass  of  h jpbae, 
filled  with  reserve  materials,  covered  by  a  cortex  of  one  or  more 
layers  of  cells,  which  are  thick- walled,  and  of  a  dark  colour.  They 
become  detached  from  the  myceliam  on  which  they  are  formed, 
and  are  capable  of  retaining  their  vitality  daring  a  long  dormant 
period ;  on  germination  they  give  rise  to  shoots  bearing  reproduc- 
tive organs.  V 

A  form  of  sclerotinm  is  found  also,  in  the  Myxomycetes.  Here^ 
it  consists  of  a  plasmodium,  or  a  part  of  a  plasmodium,  which  has 
surrounded  itself  with  a  membrane,  and  remains  for  a  longer  or 
shorter  time  in  a  dormant  condition.  The  individual  amoeboid 
cells  may  also  surround  themselves  with  a  membrane  and  remain 
dormant,  in  the  form  of  microcysts. 

Reproduction  is  effected  sexually  or  asexually.  A  sexual  process 
takes  place  in  the  Zygomycetes ;  in  the  Peronosporacead ;  and  ap- 
parently in  some  Ascomycetes,  though  this  is  a  matter  of  con. 
troversy. 

The  modes  of  the  sexual  process  are  the  following  : — 

I.  Isogamy :  sexual  cells,  similar  aplanogametes  which  are  not 
set  free;  process,  conjugation;  pi'oduct,  a  zygospore;  Zygo- 
mycetes. 

II.  Heterogamy  : — 

a.  Oogamy :    sexual  cells,  oosphcres  and  undifTorentiated  male 

cells  (spermatozoids  in  Monoblcpharis  ?)  ;  process,  fertili- 
sation ;  product,  an  oospore ;  PeronosporacesB,  AncylistacesB. 

b.  Carpogamy :    no  differentiated  female  cell ;    female    organ 

fertilised  either  by  (1)  the  undifferentiated  contents  of  the 
male  org^n  {e.g.  Eremascus,  Pyronema) ;  or  (2)  by  differenti- 
ated male  cells,  spermatia  (e.g.  Collema) :  product,  a  fructifi- 
cation termed  an  ascocarp :  all  the  forms  in  which  this  mode 
occurs  belong  to  the  Ascomycetes. 

There  is  no  sexual  process  in  the  Schizomycetes,  the  Myxomy- 
cetes, in  some  of  the  Phycomycetes  (Saprolegniaceee),  the  great 
majority  of  the  Ascomycetes,  the  j^cidiomycetes,  and  the  Basid- 
Lomycetes.  In  the  Schizomycetes  and  Myxomycetes,  the  absence 
of  a  sexual  process  may  be  attributed  to  their  rudimentary  charac- 
ter; in  the  higher  groups  it  is  due  to  sexual  degeneration.  In 
the  SaprolegniacesD,  female  and,  generally,  male  organs  are  deve- 
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loped,  bnt  the  male  organs  are  functionless;  still  the  female  organs 
produce  oospores,  but  they  do  so  parthenogeneticallj.  In  the 
majority  of  the  apparently  sexnal  Ascomycetes.  even  when  both 
kinds  of  sexnal  organs  are  present  {e,g,  Erysipheas,  Penicilliam. 
Sordaria)  it  is  a  question  if  any  sexnal  process  takes  place ;  in 
others,  no  male  organ  is  present  (e.gr.  Cheetomium,  Melanospora)  ; 
in  others  again  {e.g,  Xylaria),  the  female  organ  is  rudimentary^ 
and  in  yet  others  (e.g,  Claviceps,  Cordyceps,  Pleospora)  it  baa 
entirely  disappeared.  Yet  in  all  these  cases  an  ascocarp  is  pro- 
duced, either  parthenogenetically  from  the  female  organ,  or  vegs- 
t«,tively  from  the  mycelium.  In  the  uScidiomycetes,  though  therti 
is  apparently  no  female  organ,  yet  a  fructification  termed  an 
cpcidium,  which  seems  to  be  homologous  with  the  ascocarp  of 
the  Ascomycetes,  U  produced  in  most  forms.  In  the  Basidiomy- 
cetes,  although  they  are  the  most  highly  organised  Fungi,  there 
are  no  sexual  organs,  and  no  fructification  is  produced  which  is 
homologous  with  the  a«^ocarp  of  the  Ascomycetes. 

The  sexual  organs^  with  the  exception  of  those  of  some  Ascomy- 
cetes, are  unicellular.  They  are  either  quite  similar  to  each  other, 
as  in  the  Zygomycetes  and  some  Ascomycetes  {e.g.  Eremascus), 
when  they  may  be  termed  gametangia ;  or  they  may  be  more  or 
less  differentiated,  as  in  the  Oomy cetes,  and  in  some  Ascomycetes 
(e.g.  Ei7siphe8e,  Collema,  etc.),  as  male  and  female. 

The  male  organ  is  a  polUnodium  in  the  Oomycetes  and  in  some 
Ascomycetes  (e.g.  Pyronema,  Erysipheao,  Ascobolus);  it  is  generally 
unicellular  but  sometimes  multicellular  (e.g.  Ascobolus).  As  it  is 
developed  in  close  proximity  to  the  female  organ,  fertilisation  is 
effected,  in  these  formsj  by  absorption  of  the  cell-walls  at  the 
point  of  contact  of  the  two  organs,  or  the  development  of  a  tube 
placing  their  cavities  in  communication. 

In  other  Ascomycetes  (e.g.  Collema),  what  appears  to  be  the 
male  organ  is  a  unicellular  or  multicellular  filament,  termed  a 
sterigma^  at  the  apex  of  which  male  cells  (spermatia)  are  succes- 
sively formed  by  abstriction.  The  sterigmata  are  developed  in 
great  numbers  together  within  a  special  receptacle  termed  a 
spermogonium.  In  these  forms  the  male  and  female  organs  are 
widely  sepai-ated,  and  the  male  cells  are  conveyed  by  means  of 
water  to  the  female  organ.  Spermogonia  also  occur  in  the 
uEcidiomycetes. 

The  female  organ  is  either  a  unicellular  closed  oogonium  (Oomy- 
cetes), or  a  unicellular  or  multicellular  archicarp  (Ascomycetes) 
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The  archicarp  may  consist  (like  the  procarp  of  the  Rhodbphycead) 
of  two  parts ;  a  receptive  portion,  the  trichogyne,  which  is  a  more 
or  less  elongated  mnlticellnlar  filament,  and  a  sporogenons  portion, 
the  ascogonium,  from  which,  after  fertilisation  has  taken  place,  the 
one  or  more  sporangia  (cuci)  of  the  ascocarp  are  developed. 

Sexual  cells  are  only  clearly  differentiated  in  the  case  of  the 
female  cells  of  the  Oomycetes,  and  of  the  male  cells  of  those 
Ascomycetes  in  which  the  seznal  organs  are  not  contignons.  The 
female  cells  of  the  Oomycetes  are  oospheres,  spherical  cells  destitute 
of  a  proper  wall.  The  male  cells  of  the  Ascomycetes  in  question 
are  spermaiia,  small  rounded  or  rod-shaped  cells,  with  a  cell-wajl 
and  without  cilia.  It  must,  however,  be  mentioned  that  consider- 
able doubt  exists  as  to  the  sexual  nature  of  the  spermatia ;  and, 
inasmuch  as  they  have  in  many  cases  been  found  capable  of  germi- 
nation, giving  rise  to  a  mycelium,  there  is  evidence  in  favour  of 
the  view  that  they  are  merely  asexual  cells  of  the  nature  of 
gonidia  (see  p.  297). 

In  all  other  cases  the  protoplasmic  contents  of  the  sexual  organs 
are  not  differentiated  into  cells  of  definite  form ;  but  the  fusing 
masses  of  protoplasm  of  the  Zygomycetes  may  be  regarded  as 
aplanogametes ;  and  that  portion  of  the  protoplasmic  contents  of 
the  pollinodiura  of  the  Peronosporaceae  which  enters  the  oogonium 
and  fertilises  the  oosphere,  may  be  regarded  as  a  male  cell. 

A  formation  of  plan^gametes  has  been  observed  in  a  doubtfal  CLytridiaceoas 
form  Tetrachytrium  trieepf;  and  of  spermatozoids  with  a  single  cilium  in 
MonoblepJiarii  tpharica  a  form  allied  to  the  Peronosporaoes ;  but  these  observa- 
tions require  confirmation. 

An  CLsexual  formation  of  spores  is  of  general  occurrence.     Where 

^       the  life-history  is  such  as  to  indicate  an  alternation  of  generations, 

these  cells  may  be  distinguished  as  gonidia  and  spores ;  it  is,  in 

fact,  in  the  gametophyte  that  the  greater  variety  and  complexity 

joi  the  asexual  reproductive  organs  obtains. 

In  the  Schlzomycetes  there  are  no  special  spore-bearing  organs, 
but  the  protoplasm  of  the  cells  surrounds  itself  with  a  proper  cell- 
wall,  and  becomes  a  spore. 

In  the  Myxomycetes  sporangia  are  formed,  attaining^  in  some 
forms,  a  high  degree  of  complexity  of  structure. 

In  the  gametophyte  of  the  higher  Fungi,  the  gonidia  are  formed, 
speaking  generally,  either  in  the  interior  of  unilocular  gonidangia 
{e.g.  most  Phycomycetes),   or  by  abstriction^  either  Singly  or   a 
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number  in  snccession,  from  certain  special  byphsB  (as  in  tbe 
Ascomycetes,  ^cidiorajcetes,  and  Basidiomjcetes)  ;  in  the  latter 
case  the  gonidia  may  be  generally  designated  stylogonidia. 

These  jBtylogonidia  has  received  special  names,  snch  as  nredospores,  teleuto- 
spores,  basidlospores,  etc.,  with  the  object  of  indicating  the  group  to  which 
they  belong,  or  peculiarities  in  their  development.  These  terms  (more  correctly 
aredogonidit,  teleotogonidia,  basidiogonidia)  are  explained  in  the  descriptions 
of  the  varioas  groups. 

In  either  case,  the  gonidia  are  produced  at  the  apex  of  an  organ, 
a  special  branch  of  the  mycelinm,  termed  a  gonidiophore.  This 
nay  consist  of  a  single  hypha  (e,g,  Mncor,  Peronospora,  Penicil- 
limn,'  Pnccinia),  when  it  is  said  to  be  simple ;  or  of  a  number  of 
coherent  hyphss  (e.g,  the  MQshroom,andthe  fructifications  of  other 
Basidiomycetes)  when  it  is  said  to  be  compound. 

The  gonidiophores  may  be  scattered  over  the  mycelium,  or  they 
may  be  collected  into  receptacles  termed  pycnidia. 

In  the  sporophyte  of  most  t^hycomycetes  and  all  Ascomycetes, 
the  spores  are  always  found  in  the  interior  of  a  sporangium 
(termed,  in  the  Ascomycetes,  an  ascus);  in  the  uSoidiomyoetes 
they  are  formed  by  successive  abstriction  from  basidial  cells  formr 
ing  part  of  the  SBcidium.  In  some  cases  (e.g.  certain  Mucorinos  and 
Peronoeporacee)  the  sporftngia  are  borne  on  special  hypha,  which 
are  termed  simple  sporophores ;  and  the  more  complex  ascocarps  of 
the  Ascomycetes  may  be  regarded  as  compound  sporophores. 

The  asexually-formed  spores  and  gonidia  are  but  rarely  motile 
(^.^.ciliated  zoospores  and  zoogonidlaof  Myxomycetes,Chytridiace8e, 
and  Oomycetes)  ;  in  all  other  Fungi  they  are  non-motile  and  have 
a  cell-wall.  There  is  considerable  variety  in  their  form,  colour, 
etc.  In  some  cases  the  spores  or  gonidia  are  compound;  that 
is,  they  appear  to  consist  of  two  or  more  cells  (e.g.  teleutogonidia 
of  Puccinta  Oraminis  and  other  -^cidiomycetes ;  ascospores  of 
some  Ascomycetes  such  as  Pleospora,  Hysterium,  Cordyceps,  etc.)  ^ 
each  cell,  however,  germinates  independently  and  is  therefore 
itself  a  spore  or  gonidium.  These  compound  spores  and  gonidia 
are  formed  by  the  division  of  a  primary  mother-cell. 

The  lAfe-History  of  the  Pungi  is  generally  very  much  complicated 
by  polymorphism.  In  most  of  the  Schizomycetes,  although  there 
is  no  alternation  of  generations,  there  is  remarkable  polymorphism 
especially  in  the  higher  forms  which  pass  through  several  distinct 
phases  in  the  course  of  their  life.     In  the  sexual  forms  an  ajter- 
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nation  of  generations  can  generally  be  traced ;  thns,  in  the  Phy- 
comycetes,  the  plant  is  the  gametophyte,  and  the  sporophyte  is 
either  merely  the  oospore  or  zygospore,  or  it  is  the  comparatively 
small  mycelium  (promycelium)  developed  on  germination  from  the 
sex aally- produced  spore  ;  similarly,  assuming  the  sexuality  of  the 
group,  in  the  simpler  forms  of  the  Ascomycetes,  the  plant  is  the 
gametophyte,  and  the  ascocarp  the  sporophyte.  In  these  simpler 
cases  the  only  complication  introduced  into  the  life-history  is  that 
due  to  the  fact  that,  as  in  many  of  the  Algea,  the  gametophyte 
reproduces  itself  by  means  of  asexually-produced  gonidia,  and 
may  not  produce  sexual  organs ;  so  that  there  may  be  a  succession 
of  potential  gametophytes  before  the  actual  gametophyte  presents 
itself. 

In  the  life-history  of  some  of  the  forms  which  have  become 
asexual  through  sexual  degeneration  (e»g,  many  Ascomycetes, 
jScidiomycetes,  Saprolegniaceae),  it  is  still  possible  to  recognise  the 
gametophyte.  It  is  that  form  which  gives  rise  to  the  structure 
which  is  identical  or  homologous  with  the  product  of  fertilisation 
in  the  allied  sexually  complete  forms.  For  instance,  in  the  Sapro- 
legniaceffi,  that  form  which  hears  the  organs  in  which  the  partheno- 
genetic  oospores  are  formed,  is  the  gametophyte;  similarly,  in 
the  sexually  degenerate  Ascomycetes,  the  form  which  bears  the 
ascocarp  is  the  gametophyte ;  and  again,  in  the  ^cidiomycetes, 
the  form  which  prodnces  the  sBcidium  is  the  gametophyte. 

In  some  Ascomycetes  (e.g.  Claviceps),  and  most  ^cidiomycetes 
the  life-history  is  further  complicated  by  the  polymorphism  of 
the  gametophyte.  Here  the  life- history  of  the  gametophyte  pre- 
sents one  and  sometimes  two  (most  ^cidiomycetes)  entirely 
asexual  gonidia-bearing  forms. 

In  the  life-history  of  the  Basidiomycetes  there  is  no  form  homo- 
logous with  the  sporophyte  of  any  of  the  other  groups  of  Fungi ; 
the  sporophyte  is  entirely  unrepresented.  The  plant  is  therefore 
a  gametophyte,  and  it  is  in  some  cases  polymorphic.  As  it  is 
altogether  asexual,  it  corresponds  to  the  asexual  forms  of  the 
gametophyte  in  the  life-history  of  those  Ascomycetes  and  -^cid- 
iomycetes  in  which  the  gametophyte  is  polymorphic. 

The  foregoing  account  of  the  life-history  of  the  higher  Fungi  is  based  upon 
the  assnmption  that,  in  the  Ascomycetes,  the  ascocarp  is  the  product  of  a 
seznal  process,  or  is  the  homologue  of  such  a  product.  If,  however,  the  view 
be  taken  that  the  Ascomycetes  are  altogether  asexual,  then  the  ascocarp  may 
be  regarded,  not  as  the  sporophyte,  bat  as  simply  a  special  form  of  gonidiophore 
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borne  by  the  gametopbyte,  a  oonclusion  which  wonld  eqnally  apply  to'  the 
iBcidiam  of  the  ^cidiomycetes.  In  both  these  groaps,  as  in  the  Basidiomjcetes, 
the  plant  would  still  be  the  gametophyte,  the  sporophyte  having  entirely  dis- 
appeared as  a  necessary  consequence  of  the  complete  sexual  degeneration  of 
the  gametophyte. 

The  Fangi  may  be  classified  as  follows  : — 
Sub-Class     I. — ScHizoMTCKTES :    Body    nnicellnlar,   or   miilti- 
cellular  and  filamentotis ;    no  special  spore- 
bearing  organs ;  no  sexnal  reproduction. 
Sub-Class     IT. — ^^Itxomtcetes  :    Body    a    plasmodinm ;    spores 
formed  in  more  or  less  well- developed  spor- 
angia ;  zoospores  ;  no  sexual  reproduction. 
Sub-Class  III. — rHTCOMTCETES :     Body  generally    either    uni- 
cellular, or  a  coenocytic  unseptate  mycelium  ; 
sexual  reproduction  general;     zoospores  (or 
zoogonidia)  present  in  most  orders. 

Section  A. — Zygomycetes:   sexual  process 
isogamous;  product,  a  zygospore. 

Section    B. — Oomycetes :     sexual    process 
oogamous  ;  product,  an  oospore. 
Sub-Class   IV. — Ascomtcetes:     Body  usually  au  incompletely 
septate  mycelium ;   sexual  process  carpoga- 
mous;  tbo  Eporopbyte  is  apparently  repre- 
sented by  tbe  ascocarp. 
Sub- CI  ass    V. — uEcimoMYCETES :   Body  an  incompletely  septate 
mycelium ;    no    sexual  process ;    tbe   sporo- 
phyte is  apparently  the  SBcidium. 
Sub-Class   VI. — Basidiomtcetes  : — Body  an  incompletely  sep- 
tate mycelium ;  no  sexual  process ;  the  sporo- 
phyte is  unrepresented;  compound  gonidio- 
pbores  are  always  formed. 
Sub-Class  I. — ScHizOMYCETES.     These  organisms  are  eitber  uni- 
cellular or  multicellular;  most  of  tbe  unicellular  forms  are  very 
minute.     The  cell  consists  of  a  mass  of  protoplasm,  with  a  nucleus 
surrounded  by  a  cell- wall  wbicb  consists  in  some  cases  of  cellulose, 
and  in  others  of  a  proteid  substance.     In  some  cases  the  cells  are 
coloured  red,  green,  blue,  etc. :'  a  starchy  substance,  turning  blue 
witb  iodine,  is  found  in  tbe  cells  of   some  forms  (e.g,  BacilluB 
Amylohacter). 

The  forms  presented  are  extremely  various.     The  individuals 
may  be  spherical,  the  Coccus-form  (Fig.  196,  a);  or  rod-shaped,  the 
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Bacterium-foi-m  (Fig.  196,  b)  ;  or  Rpi rally- wound,  the  Spirillum- 
and  Spirocheete-forms  (Fig.  196,  d)  ;  or  straight  free  filaments,  tho 
Bacillos-form  ;  or  straight  fila- 
ments attached  by  one  end,  the 
Leptothrix-form ;  or  the  individnals 
may  form  cubical  masses,  as  in  Sar^ 
cina  VentriculL  Some  forms  {e.g. 
Bacterium,  Spirochsete,  and  some 
Coccus- forms)  are.  capable  of  loco- 
motion ;  but  it  is  uncertain  how 
the  movement  is  executed.  These 
forms  are  provided  with  one  (Coc- 
cus-form) or  more  (one  or  more  at 
each  end  in  Bacterium-  and  Spiro- 
cheete-forms)  delicate  filaments, 
which  are  regarded  by  some  as  vibratile  protoplasmic  cilia,  by 
means  of  which  movement  is  effected,  whereas  others  consider 
them  to  be  simply  prolongations  of  the  cell -wall. 

A  remarkable  phase,  common  to  the  Kfe-history  of  nearly  all 
forms,  more  especially  the  unicellular,  is  the  zooglma-stage.  It 
consists  of  great  numbers  of  cells  held  together  by  bulky  mucilage, 
io  form  either  a  membrane  (e.g.  the  scum  on  putrifying  liquids) 
or  masses  of  the  most  various  form.  A  striking  zoogloea-stage  is 
that  known  as  Leuconostoc  wesenterioides^  which  consists  of  wavy 


%"•• 


Pie.  IOC,— Different  forms  of  Schiso- 
inycete«:  a  Microcdooas ;  h  Bncteriam ; 
c  BacilloB  with  spores;  d  Spirillam 
(diag.:  xOOO). 


Fio.  197.— Boeaiu*  nibf<l««.    A  aoogloMt-etage ;   B  motile  stage ;    C  xouglcea^tage,  with 
spore-formaiion.     (After  Strasbarger :  x  800.) 

chains  of  cocci  imbedded  in  a  mass  of  mucilage,  tho  whole  re- 
sembling the  structure  of  Nostoo  in  the  CyanophyceBB  (p.  281).  v 
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Althongli  a  special  name  has  been  given  to  each  of  the  multi- 
farioas  forms  assumed  by  the  Schizoinycetes,  it  must  not  be 
assumed  that  each  form  to  which  a  name  has  been  given  con- 
stitutes a  distinct  species.  On  the  contrary,  the  Schizomycetes 
are  highly  polymorphic,  and  the  various  simpler  forms  are,  for 
the  most  part,  merely  phases  in  the  life-history  of  the  more  com- 
plex forms.  The  Schizomycetes  may  be  classified,  in  accordance 
with  these  facts,  as  follows  : — 

1.  Coeeaeea:    exist   in    the   free   cooons-form,  or   in  the   zoogloea-stage. 

LenconoBtoo  is  the  only  form  which  has  been  folly  investigated. 

2.  Bacteriacea:    exist    in    the  coccns-form,  the    baoterium-form   and    the 

bacillas-form  ;  any  of  which  may  pass  throngh  a  zooglcea-stage. 

Genera :  Bacterium  {e.g.  Bacterium  Termo) ;  Clostridium  {e.g.  Clostri- 
dium butyricum,  causing  butyric  fermentation) ;  Bacillus  {e.g.  Bacillui 
$ubtili$)  developed  in  infusions  of  hay. 

8.  Leptotkriekiea :  nnbranched,  attached,  filamentous  forms ;  giving  rise  to 
coccus,  bacterium,  and  spiral  forms,  which  may  pass  through  a  zoogloea- 
stage.    Genera :  Leptothriz,  Beggiatoa,  Grenothriz. 

4.  Cladothrichiea :  resemble  the  precediug,  but  the  attached  filaments  are 
(spuriously)  branched.    Genus,  Gladothriz. 

The  Schizomycetes  multiply  mainly  by  cell-division  (whence  their 
name),  and  they  do  so  with  great  rapidity  under  favourable  con- 
ditions ;  the  nucleus  undergoes  mitotic  division  in  connexion  with 
this  process.  In  many  forms  reproduction  is  also  effected  by  means 
of  spores  {e.g.  Leuconostoo  mesenterioides^  Bacillus  suhtilis  and 
Anthracis,  Clostridium  hutyricum).  Each  spore  is  formed  from  a 
cell,  the  protoplasmic  contents  contracting  from  the  cell- wall  and 
surrounding  themselves  with  a  thick  proper  wall ;  the  spore  is  set 
free  by  the  decay  of  the  old  cell- wall.  Spore-formation  generally 
takes  place  in>  the  zoogloea-stage,  and  is  promoted  by  conditions 
which  are  unfavourable  to  growth  and  multiplication  by  division. 
The  vitality  of  the  spores  is  remarkable,  being  I'etained  under  con- 
ditions, such  as  extremes  of  temperature,  desiccation,  etc.,  which 
would  prove  fatal  to  the  organisms  themselves. 

The  most  conspicuous  feature  in  the  physiology  of  the  Schizomy- 
cetes is  their  capacity  for  decomposing  organic  compounds,  indu- 
cing various  fermentative  processes,  such  as  the  lactic  and  the 
butyric  fermentation  of  various  kinds  of  sugars,  etc.,  (but  never 
the  alcoholic  fermentation),  and  the  putrefactive  fermentation  of 
complex  nitrogenous  organic  substances,  such  as  proteids,  etc.  Some 
are  parasitic  in  the'  bodies  of  animals,  such  as  tiarcina  Veniriculi, 
Jjeptothrix  buccalis  which  causes  decay  of  tho  teeth,  and  the  various 
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forms  of  Bacteria  which  cause  Phthisis,  Cholera,  Anthrax,  and 
other  diseases. 

The  particular  form  presented,  and  the  degree  of  the  physiolo- 
gical activity  manifested,  at  any  given  time,  is  determined  by  the 
external  conditions,  such  as  the  nature  of  the  obtainable  food,  the 
temperature,  the  presence  or  absence  of  oxygen,  etc. ;  important 
variations  in  any  of  these  conditions  may  induce  change  from  one 
form  of  the  organism  to  another  and  may  modify  its  physiological 
activity. 

There  is  a  general  resemblance  in  organisation  and  reproduction 
between  the  Schizomycetes  and  the  Cyanophycece,  as  well  as  a 
remarkable  correspondence  between  individual  forms  belonging  to 
the  two  groups.  On  this  ground  they  are  sometimes  placed  to- 
gether in  a  distinct  group,  the  Schizophy to.  It  is,  however,  prefer- 
able to  place  them  respectively  in  the  classes  Fungi  and  AlgaB  as 
corresponding  sub-classes. 

Sub-Class  II.  Mtxomycet£S.  These  organisms  are  characteris- 
tically saprophytic,  living  on  decaying  organic  substances,  such 
as  spent  tan,  decaying  leaves,  tree-stumps,  etc. 

Their  life- history  is,  in  most  cases  (Endosporeas),  as  follows : — 
On  the  germination  of  the  spores,  the  contents  of  each  spore  escape 
as  a  zoogonidium,  a  naked  mass  of  protoplasm,  enclosing  a  nacleus 
and  a  contractile  vacuole,  provided  with  a  single  cilium ;  this  con- 
stitutes the  mcutigopod  stage,  and  in  this  stage  the  cells  multiply 
by  division.  After  a  period  of  active  swimming,  the  zoogonidium 
draws  in  its  cilium,  and  now  creeps  about  by  means  of  temporary 
protrusions  of  its  protoplasm  termed  pseudopodia;  this  is  the 
amoeboid  or  myxopod  stage,  and  in  this  stage  also  multiplication  by 
division  takes  place.  The  amoebsB  then  collect  together,  cohering 
into  a  plcumodium ;  the  protoplasm  of  the  amoeb»  in  some  cases 
fuses  completely  so  that  the  plasmodium  presents  no  cellular 
structure,  whereas  in  others  (pseudoplasmodium)  the  outlines  of 
the  coherent  amoebas  persist ;  but,  in  any  case,  there  is  no  fusion 
of  the  nuclei  of  the  constituent  amoebe,  so  that  the  plasmodium  is 
multinucleate  and  coenocytic. 

The  Plasmodium  creeps  about,  like  a  gigantic  amoeba,  by  means 
of  pseudopodia,  until  spore-formation  begins.  At  this  time  the 
Plasmodium  comes  to  rest ;  and  it  either  forms  a  single  sporangium, 
or  divides  into  several  portions  each  of  which  forms  a  sporangium. 
The  mass  of  protoplasm  then  assumes  the  form  of  the  future 
sporangium ;  the  external  portion  of  it  hardens  to  form  the  wall. 


Digitized  by 


Google 


284  PART   III. — THB   CLASSIFICATION   OF   PLANTS. 

while  the  internal  portion,  after  rapid  mitotic  nuclear  division, 
separates  into  cells  each  of  which  secretes  a  proper,  wall  and  be- 
comes &  spore.  In  most  forms  a  {>ortion  of  the  internal  protoplasm 
goes  to  form  a  number  of  filaments,  generally  tabular,  either  free 
or  connected  into  a  net- work,  which  constitute  the  capillitiunu 
The  wall  dries,  and  eventually  ruptures,  and  the  spores  are 
scattered  bj  the  expansion  and  hygroscopic  movements  of  the 
elastic  capillitium.     In  many  cases  the  sporangium  has  a  stalk. 


Fio.  19B.^A  Part  of  a  planmodiam  of  Didymium,  UucopHs  (  k  800).  B  A  closed  sporanglam 
o(  Arayria  inaamata.  C  The  same  after  the  rapture  of  its  vrall  (p)  and  expansion  of  the 
capillitium  ep  (x  20).    (After  Sachs.) 

(sporophore)  which  is  sometimes  continued  into  the  cavity  of  the 
sporangium  as  a  columella. 

In  the  ExosporesB  the  spores  are  not  formed  in  the  interior  of 
a  sporangium,  but  by  abstriction  from  the  ends  of  filaments  de- 
veloped from  the  surface  of  the  sporophore. 

In  some  forms  (e.g,  Fuligo  varians)  a  compound  sporangium  is 
formed,  termed  .^thalium,  by  the  combination  of  a  number  of 
Plasmodia. 
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The  sporangium- wall  and  capillitium  give  the  reactions  of 
cuticalarised  cell-wall. 

The  life-historj,  as  sketched  above,  varies  somewhat  in  different 
forms.  In  some  (e.^.  Dictyosteliaceae,  Guttulineee)  the  mastigopod 
stage  is  wanting,  the  spores  giving  rise  directly  to  amoeba). 
Again,^  the  mastigopods  or  the  amoebe  may  surround  themselves 
with  a  membrane  and  go  through  a  resting-stage  as  microctjsls  ;  or 
the  whole  or  part  of  a  plasmodium  may  do  the  same  as  a  sclerotium. 

Closely  conneoted  with  Uie  Myxomjcetes  proper  is  the  group  of  the  Moma- 
DiNEJB.  In  their  structure  and  life-history  they  generally  resemble  the  Myzomy- 
cetes ;  but  a  plasmodium-stage  occurs  in  but  few  forms,  and  then  it  is  minute  and 
of  simple  structure ;  they  are  further  characterised  by  the  formation  of  zoQ03rst8, 
which  give  rise  to  ciliated  or  amoeboid  zoogonidia.  The  MouadinesB  are  par&sitic. 
The  Sub-Class  may  be  sub-divided  as  follows : — 

Division  I.  Monadineffi*:  aquatic,  often  parasitic;  usually  produce  zoocysts; 
Plasmodium  small  or  wanting. 
A,    Azooiporea :  zoospores  amoeboid ;  Vampyrellea?,  etc. 
D,    ZoQ*porc<B :  zoospores  cilifited ;  Plasmodiophoreae,  etc. 
Division  II.  Eumycetozoa :  subaerial,  not  parasitic :  no  zoocysts ;  body,  a 
Plasmodium  with  well  developed  fructification. 

1.  Soroplwricp :  zoospores  simply  amoeboid;  the  cells  of  the  plasmodium 

(pseudoplasmodium)  distiuct :  spores  not  developed  in  sporangia,  but 
free  on  the  surface  in  groups  (sori) :  Guttulinese,  DictyosteliaoesB. 

2.  Endonporea :  zoospores  at  first  ciliated,  becoming  subsequently  amoe- 

boid ;  body,  a  true  plasmodium ;  spores  developed  in  a  sporangium  with 
a  capillitium ;  to  this  group  belong  most  of  *the  Myxomycetes  {€.g. 
Didymium,  Arcyria,  Stemonitis,  Fuligo,  Badhamia,  etc.). 
8.  Exosporea :  zoospores  at  first  amoeboid,  becoming  subsequently  ciliated, 
and  finally  amoeboid  again :  body,  a  trae  plasmodium :  spores  developed 
on  the  surface  of  basidioid  sporophores;  Ceratium. 

Sub-Class  III.     Phycomycetes.     Section  A.     Zygomycetes. 

This  section  includes  the  following  orders : — 

Order  I.  Chytridiace«B :  simple  unioellular  or  mycelioid  forms ; 
asexual  reproduction  by  zoospores  (and  zoo- 
gonidia). 

Order  2.  Mucorinas:  body,  a  well -developed  unseptate  my- 
celium; no  motile  spores  or  gonidia.  ' 

Order  3.  Eutomophthorace» :  body,  an  incompletely  septate 
mycelinm ;  no  motile  spores  or  gonidia. 

Order  1.  ChytridiacesB.  Body,  a  single  rounded  cell,  or  a  simple  mycelinm ; 
sexual  reproduction  known  in  some  forms ;  asexual  reproduction  by  zoospores 
(in  sexual  forms  by  both  zoogonidia  and  zoospores) ;  mostly  parasitic,  generally 
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OD  Alg»,  or  on  aquatic  Fungi,  but  sometimes  on  Phanerogams,  and  on  aquatio 
animals. 

In  accordance  with  the  form  and  structure  of  the  body,  the  Ghytridiacead 
msy  be  sub-divided  into  two  groups ;  the  MjzochytridineeB  (including  such 
genera  as  Sphsrita,  Olpidium,  Olpidiopsis,  Synchytrium,  etc.)  where  the  body 
is  a  single  spherical  or  oval  cell,  destitute,  for  a  time  at  least,  of  a  cell- wall ; 
and  the  MyoochytridinesB  where  the  body  has  a  cell- wall  from  the  first,  and  is 
usually  more  or  less  mycelioid,  and  is  commonly  branched. 

The  asexual  organs  of  reproduction  are  in  all  cases  unicellular,  and  present 
two  distinct  forms ;  a  thin- walled  sporangium  (gonidaugium  in  the  sexual  forms) 
^hich  at  once  gives  rise  to  zoospores ;  a  thick-walled  sporangium  (sometimes 
termed  a  resting-spore),  formed  by  a  process  of  encystment  in  the  asexual 
forms,  by  a  sexual  process  in  the  sexual  forms  where  it  represents  the  sporo- 
phyte,  which  only  gives  rise  to  zoospores  after  a  longer  or  shorter  period  of 
quiescence. 

The  simpler  forms  (Myxochytridineie)  are  holocarpie ;  that  is,  the  whole  cell 
becomes  a  sporangium,  being  invested  by  a  cell-wall.  The  other  forms  are 
euearpiCt  that  is,  a  part  only  of  the  body  goes  to  form  the  sporangium ;  some  of 
them  (Sporochytriefi)  are  monocarpic,  that  is,  each  prodi;LC6s  but  one  sporan- 
gium ;  whilst  others  are  polyoarpic  (HypochytriesB),  that  is,  each  forms  several 
sporangia.  In  any  case  the  formation  of  reproductive  organs  doses  the  life  of 
the  individual. 

The  zoospores  (and  zoogonidia)  vary  somewhat  in  form,  but  are  generally 
spherioal  or  ovoid,  with  either  one  or  two  cilia.  They  are  generally  formed 
directly  from  the  contents  of  the  sporangium  (or  gonidaugium),  but  in  Synchy- 
trium  the  contents  undergo  division,  and  escape  from  the  sporangium,  surrounded 
by  a  delicate  membrane,  as  a  group  of  cells  (sorus)  each  of  which  gives  rise  to 
a  number  of  zoospores.  When  the  sporangium  is,  as  is  frequently  the  case, 
formed  within  the  ceUs  of  a  host-plant,  it  puts  out  a  tubular  outgrowth  whidi 
reaches  the  surface,  and  thus  the  zoospores  are  set  free,  and,  in  their  turn, 
make  their  way  into  the  tissues  of  a  host. 

A  sexual  process,  of  the  nature  of  conjugation,  has  been  observed  in  some 
forms,  both  of  the  Myxochytridine  and  of  the  MyooohytridineaB,  but  the 
differentiation  of  the  sexual  organs  as  male  and  female  is  only  rudimentary. 
In  the  former  case  {e.g,  Olpidiopsis)  two  unicellular  individuals  of  unequal  size 
fuse  together,  the  contents  of  the  smaller  (probably  the  male)  passing  over  into 
the  larger  cell.  In  Polyphagus,  one  of  the  simpler  MycoohytridineaB,  one  in- 
dividual extrudes  its  protopUismio  eontents  as  a  iiaked  sphere  to  which  another 
individual  applies  one  of  its  hyphie  through  which  its  contents  are  conveyed 
into  the  sphere.  The  product  of  conjugation  is  a  zygospore,  which,  like  the 
thick- walled  sporangia,  gives  rise  to  a  number  of  zoospores  on  germinating  after 
a  period  of  quiescence. 

An  indication  of  an  alternation  of  generations  may  be  traoed  in  the  life- 
history  of  the  sexual  members  of  the  order.  The  plant  is  the  gametophyte, 
reproducing  itself  by  zoogonidia  formed  in  thin-walled  gonidangia  ;  the  zygo- 
spore is  the  sporophyte,  giving  rise  to  zoospores,  each  of  which,  on  germination, 
gives  rise  to  a  gametophyte. 

This  order  is  one  of  great  systematio  interest,  inasmuch  as  it  shows  affinity 
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to  BO  many  other  different  forms.  It  is  allied,  on  tbe  one  band,  by  the  simple' 
Myxoobytridines  to  the  MonadiDeie,  and  tbus  also  to  the  rest  of  the  Myxomy- 
cetes.  On  the  other  hand  it  is  allied  to  tbe  simple  Oomycetons  Pbycomyoetes, 
the  AncylistacesB,  a  group  which  is  sometimes  actually  included  in  the  Chytri- 
diaceie ;  and,  again,  through  such  forms  as  the  Cladoohytries,  to  the  Ustila- 
gineaB. 

Order  2.  MucorinaB.  Body  an  unseptate  mycelium,  septa  being  only 
developed  in  connection  with  the  formation  of  reproductive  organs ;  reproduc- 
tion by  gonidia  and  spores,  and  by  zygospores  formed  by  conjugation  ;  mostly 
saprophytic,  but  some  are  parasitic  on  other  Fungi. 

The  mycelium  ramifies  in  the  substratum  (Fig.  199).  The  asexual  reproduc- 
tive organs  are  developed  as  simple  gonidiophores  which  grow  erect  into  the  air. 
In  the  MucoracesB  the  simple  gonidiophores  are  unbranched,  and  each  bears 


Fjo.  199.— Jfuoor  Mucedo  :  m  a  myceliani  bearing  a  simple  gonidiopbore  with  a  terminal 
gomidangium  •  ;  S  a  gonidanKiam  much  magnified ;  t  the  end  of  the  gouidiophore  dilated 
into  the  colomella  e ;  io  the  wall  of  the  gonidangiam ;  ap  the  gonidia;  •  sygoepore  formed 
by  the  Aision  of  the  oonteuta  of  two  gametangia. 

at  its  apex  a  single  gonidangium;  the  gonidiopbore  projects  into  the  cavity 
of  the  gonidangium  as  a  columella  (Fig.  199).  In  the  ChflBtocladies  and  the 
PiptocephalidesB  the  gonidiopbore  is  branched  and  more  or  less  septate;  it 
produces  a  number  of  gouidia  by  abstriotion  from  tbe  tips  of  its  branches.  On 
germination,  the  gonidium  gives  rise  to  a  mycelium  similar  to  that  from  which 
it  was  derived. 

The  gametopbores  are  short  swollen  hyphas ;  by  the  formation  of  a  septum 
near  the  tip  of  the  gametophore,  a  terminal  cell  is  produced,  which  is  the 
sexual  organ  or  gametangium ;  the  protoplasmic  contents  of  tbe  gametangium 
constitute  tbe  gamete.  Two  gametopbores  from  adjacent  vegetative  lijpbse 
come  into  contact  at  their  tips  ;« the  walls  of  the  two  gametangia  are  absorbed 
at  the  point  of  contact ;  the  protoplasmic  contents  (gametes)  of  the  gametangia 
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fuse  to  form  the  cell  whioh  sarrouods  itself  with  a  coat  of  two  layers  and 
becomes  a  zygospore)  (Fig.  200).    Azygospores  are  frequently  produced,  ex- 
clusively ill  some  cases  (Mucor  negleettts  and  tenuis). 
In  some  forms  the  effect  of  conjugation  extends  to  the  adjacent  hypbce ;  thns, 

iii  Phycomyces, 
branched  hyph® 
are  deyeloped, 
after  conjugation, 
from  the  gameto- 
phores,  and  form 
an  incomplete 
covering  to  the 
zygospore ;  <^nd 
in  Mortierella  the 
adjacent  vegeta- 
tive liypbsB  are 
stimulated  to 
growth  and  form 
a  dense  hyphal 
investment  to  the 
zygospore. 

In  many  cases 
the  zygospore,  on 
germination, 
gives  rise  to  a 
small  branched 
or  unbranched 
mycelium,  whioh 
bears  a  single 
simple  sporo- 
phore  resembling 
the  gonidiophore 
of  the  plant  to 
which  it  belongs. 
The  spores  de- 
rived from  this 
sporophore  give 
rise,  on  germina- 
tion, to  the  large 
mycelium  bearing 
gonidiophores 
and  gameto- 
phores.  In  other 
cases,  however, 
the  zygospore 
gives  rise  to  a 
mycelium  bear 
ing     sexual    or- 


Fie.  200.— Ifuoor  IfucMlo.  A  Diagram  of  sexual  process;  two 
irametophores  in  contact;  at  the  end  of  each  gametophoreaoell, 
the  gametangiom«  has  been  cnt  oft  by  a  aeptom ;  B  commencing 
development  of  the  zygospore  from  the  fused  gametangia ;  C  ripe 
zygospore,  still  connected  with  the  (lametophores ;  D  free  zygo- 
spore, showiog  one  point  of  attachment ;  E  germinating  zygo- 
spore, bearing  a  small  promycelium,  the  sporophyte,  with  a  single 
sporangium  (after  Brefeld). 
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gans.  Tn  the  genus  Mortierella  (so  far  as  is  known),  the  zygospore  does  not 
aotoally  germinate  itself,  bat  a  namber  of  sporangia  spring  from  the  hypbal 
investment  sorroanding  it. 

/  The  mycelium,  when  ander  unfavonrable  conditions,  gives  rise  to  unicellnlar 
gemmsB,  either  cblamydogonidia  or  oidium-oells :  the  latter  multiply  by  gemma- 
tion in  a  yeast-like  manner  (e.g.  Mueor  raeemosus)  and,  like  Yeast,  have  the  power 
of  causing  alcoholic  fermentation  ;  this  takes  place  especially  when  the  hyplue 
are  immersed  in  liquid.  The  hyphaa  become  segmented  into  a  row  of  cells  by  the 
formation  of  transverse  septa,  and  the  cells  then  separate  and  become  free. 
The  cblamydogonidia  are  thick- walled  and  large ;  the  oidium-cells  are  smaller 
and  t bin- walled  (see  p.  274). 

The  typical  life-history  presents  an  obvious  alternation  of  generations.  The 
plant  is  the  gametophy  te,  inasmuch  as  it  either  actually  produces  sexual  organs 
(when  it  is  an  actual  gametophy  te),  or,  though  capable  of  producing  sexual  organs 
it  does  not  do  so,  owing  to  external  conditions  (when  it  is  a  potential  gameto- 
phyte) ;  the  gametophyte  reproduces  its  like  by  means  of  the  gonidia.  The 
promyoelium,  derived  from  the  zygospore,  is'  the  sporophyte,  inasmuch  as  it  is 
incapable  of  producing  sexual  organs.  In  some  cases,  however,  the  zygospore 
gives  rise  to  the  mycelium  bearing  sexual  organs. 

The  MucorincD  may  be  sub-divided  as  follows  : — 

Sub-Order  A,    Sporangiophone :  gonidia  developed  inside  a  gonidangium. 
Fam.  1.  Mucoracea :  the  gonidangium  has  a  columella ;  the  zygospore  is 
naked  or  invested  only  by  a  few  loose  hyphce ;  principal  genera, 
Muoor,  Phyconiyces,  Sporodinia,  Thamnidium,  Pilobolus. 
Fam.  2.  MortierelUa :  the  gonidangium  has  no  columella ;  the  zygospore 
is  invested  by  a  compact  mass  of  hyphaa :  Mortierella. 

Sub-Order  B.    Conidiophors :  gonidia  formed  by  abstriction  from  sterigmata. 
Fam.  1.  Chatocladiea :  gonidia   developed  singly  on   the  sterigma ;   the 

gametophores  are  straight :  Cbsetocladium. 
Fam.  2.  Cephalidea:  several  gonidia  developed  from  each  sterigma;  the 
gametophores  are  curved :  Piptooephalis,  Syncephalis. 

The  Hortierelleie,  OhsBtodadiesB,  and  Gephalides,  are  for  the  most  part 
parasitic  on  various  Muooraceie. 

Order  8.  Entomophthoraceae.  Body  an  incompletely  septate  mycelium ; 
reproduction  by  means  of  non-motile  gouidia,  and  by  zygospores  formed  by 
conjugation ;  mostly  parasitic  on  insects. 

The  mycelium  ramifies  in  the  body  of  the  insect,  and  iu  most  oases  produces 
simple  gonidiophores  which,  after  the  death  of  the  insect,  project  from  its  body, 
each  forming  a  single  gonidium  by  abstriction  at  its  apex ;  the  gonidium  is 
thrown  ofiF  to  a  considerable  distance,  so  that  tbe  body  of  the  insect  becomes 
surrounded  by  a  halo  of  gonidia.  This  may  commonly  be  seen  in  the  case  of 
flies  in  the  autumn,  which  are  frequently  attacked  by  a  member  of  this  order 
(Entomophthora  Musca)  and  remain  sticking  to  window-panes.  The  gonidium, 
on  germination,  puts  out  a  hypha  which  penetrates  into  tbe  body  of  another 
insect ;  this  hypha  may  either  grow  directly  into  a  mycelium  in  the  body  of  the 
Insect  {^.g.  Entomophthora  radicam,  ovifporof  curvispora)^  or  it  may  produce 
by  abstriction  a  number  of  gonidia  which  may  multiply  by  budding  in  a  yeast- 
like manner  within  the  body  of  the  insect,  and  it  is  these  which  produce  my- 

V.  8.  B.  U 
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celiac  The  mycelium  beoomes  completely  exhausted  in  forming  the  gonidia.  so 
that  when  this  process  is  completed,  both  the  f  ongus  and  the  insect  are  dry  and 
shrivelled. 

In  some  cases  few  or  no  gonidia  are  formed,  bat  zygospores  or  azygospores. 
The  zygospores  are  produced  by  the  protusion  of  transverse  protuberances  be- 
tween two  segments  of  adjacent  hypha  ;  the  walls  of  these  protuberances  are 
absorbed  at  the  point  of  contact,  the  contents  fuse,  and  the  product  surrounds 
itself  with  a  proper  wall,  and  constitutes  a  zygospore  {Entomophthora  ovispora^ 
and  eurvUpora),  In  other  species  spores  quite  similar  to  the  zygospores,  termed 
azygospores,  are  formed,  but  without  conjugation ;  the  azygospores  are  formed 
parthenogenetioally.  On  germination  (as  observed  in  Entomophthora  Qrylli), 
the  zygospore  gives  rise  to  a  hypha,  the  promycelium,  which  forms  a  gonidium 
at  its  apex. 

The  life-history  of  the  sexual  forms  shows  a  clear  alternation  of  generations. 
The  plant  is  the  gametopbyte  which,  as  is  so  commonly  the  casQ  among  the 
Thallophytes,  reproduces  itself  asexually  by  means  of  gonidia,  and  gives  rise  to 
zygospores  as  well.  The  promycelium  is  the  sporophyte,  as  it  never  can  de- 
velops sexual  organs  and  produce  zygospores.  By  analogy,  in  those  forms 
which  are  not  known  to  produce  zygospores,  the  plant  is  a  gametopbyte,  and 
the  sporophyte  is  absent. 

Section  B.     Oomycetes, 

This  section  of  the  Phycomjcetes  includes  the  following  orders : 
Order  1.  Ancylistaceaa :  body  generally  unbrancbed ;  oogonia 
intercalary ;  contents  of  oogoninm  not  differenti- 
ated  into  oosphere  and  periplasm;  poliinodinm 
functional. 
Order  2.  Peronosporaceae :  body  branched ;  oogonia  terminal 
or  intercalary ;  contents  of  oogonium  differentiated 
into  oosphere  and   periplasm;   poliinodinm  func- 
tional. 
Order  3.  Saprolegniace® :  body  branched  ;  oogonia  generally 
terminal,  rarely  intercalary ;  contents  of  oogonium 
not   differentiated  into  oosphere   and  periplasm; 
poliinodinm  absent,  or,  if  present,  functionless. 

Order  1.  AncylistaceaB.  This  order  consists  of  a  few  forms  which  are 
parasitic  on  freshwater  Alg».  The  body  is  simply  a  tabe,  lying  in  the  cell  of 
the  host.  It  becomes  branched  only  in  some  forms  (Lagenidium),  and  then 
only  in  connexion  with  the  development  of  reproductive  organs.  It  eventually 
becomes  septate  transversely,  and  each  pegment  becomes  a  reproductive  organ, 
either  sexual  or  asexual,  so  that  these  organisms  are  holocarpic  and  mono- 
carpic. 

The  asexual  organs  are  gonidangia,  which,  in  most  cases,  give  rise  to  zoo- 
gonidia ;  but  in  Ancylistes  this  is  not  the  case,  where  the  gonidangium  germin- 
ates as  if  it  were  a  gonidium,  sending  out  a  hypha  which  makes  its  way  into  a 
host. 
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The  sexnal  organs  are  fairly  differentiated  oogonia  and  polUnodia,  and  it  is 
on  this  account  that  this  order  is  removed  from  the  Ghytridiaceffi,  with  which  it 
is  closely  allied,  and  is  inoladed  in  the  Oomycetes.  In  fertilisation,  the  whole 
contents  of  the  poUinodium  enter  the  oogonium  and  fuse  with  the  whole  con- 
tents of  the  oogonium  to  form  an  oospore.  The  plants  are  either  moncecious 
(Myzocytium,  Lagenidinm),  or  dioecious  (Anoylistes).  The  germination  of  the 
oospore  is  known  only  in  Ancylistes,  where  it  developes  into  a  hypha  which 
bores  into  a  host. 

Order  2.~PeronosporaceaB.  The  forms  comprised  in  this  order  are 
mostly  parasitic,  chiefly  on  Phanerogams,  but  some  species  of  Pythinm  inhabit 
the  dead  bodies  of  plants  and  animals. 

The  asexual  reproduction  of  the  gametophyte  is  effected,  in  most  forms,  by 
gonidangia  developed  at  the  ends  of  the  branches  of  the  simple  gonidiophores 

(Fig.  201;   Fig.  208    A):   no   such 
organs  have,  however,  been  observed 
^^    V      ..     ^  as  yet  in  Pythiuni  vexaru  or  P.  Arto- 

tragus.  In  some  forms  (Planoblasts) 
the  gonidauginm  gives  rise  to  zoo- 
gonidia  either  before  or  after  it  has 
fallen  off  the  gonidiophore  (Fig. 
203  B,  C);   whilst  in  other  forms 


Fie.  901.— Part  of  a  Bection  of  a  Potato- 
letif  inrMted  by  PhyU^hthora  tn/Mtaiui :  t 
the  gonidiophore  paaaing  out  into  the  air 
throngh  a  «toma ;  c  the  j^onidangia. 


Fjg.  202.— Phytophthora  omnitoro.  An 
oogonium  {Og),  containing  an  ooppore 
(sp) ;  a  a  pollinodinm  which  has  fertilised 
theoosphere.  (x4i00.) 


(Siphoblastffi)  it  falls  off  and  germinates  as  if  it  were  itself  a  gonidium, 
growing  out  into  a  hypha,  and  so  into  a  mycelium. 

The  oogonium  is  spherical,  and  remains  closed  (Fig.  202).  The  protoplasmic 
contents  undergo  differentiation  into  a  single  oosphere  which  is  surrounded  by 
the  remainder  of  the  protoplasm,  the  periplatm.  The  oosphere  is  multi- 
nucleate in  some  forms,  though  it  has  been  described  as  ultimately  uninucleate 
in  Pythium. 

The  poUinodium  is  developed  terminally,  either  on  a  hypha  springing  from 
beneath  the  oogonium,  or  on  an  adjacent  hypha,  and  is  club-shaped.  Its  pro- 
toplasmic contents  undergo  differentiation  into  a  male  cell  (aplanogamete)  and 
into  periplasm. 

At  the  time  of  fertilisation,  the  poUinodium  is  closely  appHed  to  the  oogonium 
and  sends  out  a  delicate  tube  which  penetrates  through  the  waU  of  the 
oogonium  and  reaches  the  oosphere.  The  tube  then  opens,  and  the  male  ceU 
passes  out  of  the  poUinodium  into  the  oosphere  and  fertiHses  it.  The  oosphere 
then  surrounds  itself  with  a  proper  waU  and  becomes  the  oospore.    In  some 
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genera  (Peronospora,  Ojstopus)  an  external  coat,  the  ejnsporium  or  perinium,  is 
formed  round  the  oospore  from  the  periplasm. 

The  germination  of  the  oospore  takes  place  in  different  ways  in  different 
species.  In  Phytophihora  omnivora  and  Pythium  proliferum  it  gives  rise  to  a 
small  mycelium  (promyceliom)  which  produces  a  few  spores,  from  which  sexual 
plants  are  developed.  In  other  species  (e.g,  Cyatopus  eandidus)  the  contents  of 
the  oospore  are  set  free  as  a  number  oi  zoospores.    In  yet  other  species  (e.g. 

Pythium  tU'Earyanum,  Pyth- 
ium Artotrogvs,  Peronotpora 
Val€fianeVa)t  the  oospore  di- 
rectly gives  rise  to  a  sexual  plant. 
The  life-history  of  most  of 
the  Peronosporaceae  presents  an 
alternation  of  generations.  In 
all  cases  the  plant  is  the  game- 
tophyte.  In  those  species  in 
which  the  oospore  gives  rise  to 
a  promycelium,  the  promycel- 
iom is  the  sporophy te ;  in  those 
in  which  the  oospore  gives  rise 
to  zoospores,  the  oospore  itself 
represents  the  sporophyte ;  and, 
finally,  in  those  in  which  the 
oospore  at  once  gives  rise  to 
a  sexual  plant,  the  sporoph}te 
is  altogether  unrepresented. 

The  Peronosporacese  may  be 
subdivided  as  follows : — 
Planoblasta : — the  gonidan- 
gia  gives  rise  to  zoo- 
gonidia  on  germination : 
Cystopus,  Pythium,  Phy- 
tophthora,  etc. 
Siphoblasta : — the  gonidan- 
gia  germinate  as  if  they 
were  gonidia,  giving  rise 
to  a  hypha :  Perono- 
spora,  Bremia. 
There  is  a  doubtful  genus, 
named  Monoblephabis,  pro- 
bably allied  to  the  Perono- 
sporaceaB,  which  is  remarkable 
in  that  the  male  organ  is  an  an- 
theridium,  since  it  gives  rise  to  a  number  of  uniciliate  spermatozoids,  and  in 
that  the  oogonium  opens  at  the  apex  to  permit  the  entrance  of  the  spermatozoid 
to  the  single  oosphere.  The  antheridium  is  a  cell  just  behind  the  oogonium, 
which  is  terminal.  The  oosphere  is  formed  from  the  entire  protoplasmic  con- 
teuts  of  the  oogonium.    The  m}->celium  also  bears  gonidangia,  which  give  rise  to 


Fio.  203.—^  Surface-view  of  the  epidenniB  of  a 
Potato-leaf  with  the  goQidiophores  of  PhytopMhora 
infestant  projecting  out  of  the  Btoroata  ( x  00).  B  A 
ripe  gonidanfciani*  C  Another  andergoing  divi- 
BioQ.  D  A  zoogonidioin.  (x640:  after  Strasburger.) 
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zoogonidia.  The  germination  of  the  oospore  has  not  been  observed.  These 
observations  require  confirmation ;  if  they  are  accurate,  Monoblepharis  is  the 
only  Fnngas  which  has  spermatozoids,  and  an  oogonium  which  opens. 

In  the  genus  Peronospora,  which  is  represented^  bj  many  species  (P.  para- 
sitica on  Gapsella,  P.  ealotheca  on  BubiaoeaB,  etc.),  only  one  gonidangium  is 
borne  by  each  branch  of  the  gonidiophore  which  protrudes  through  a  stoma. 
In  Phytophthora  the  gonidangia  are  displaced  laterally  by  branches  which  arise 
from  the  hyphsa  bearing  the  gonidangia,  at  their  points  of  origin.  To  this  genus 
belongs  P.  infestant^  which  produces  tbe 
potato-disease.  Tbe  tissues  of  the  host  un- 
dergo decomposition  in  the  infected  parts  and 
turn  black :  the  mycelium  of  the  Fungus  ex- 
tends from  the  circumference  of  these  spots, 
and  throws  up  gonidiophores  through  the 
stomata  (Fig.  203).  The  gonidangia  of  the 
parasite  are  carried  by  the  wind  to  hcMlthy 
plants  and  infect  them:  the  zoogonidia  also 
penetrate  through  tbe  soil  to  tbe  tubers,  and 
the  mycelium  which  is  developed  from  them  ex- 
tends into  the  young  Potato-plant  which  grows 
from  the  tuber.  No  sexual  reproductive  organs 
have  been  observed  in  this  Fungus  as  yet. 
Phytophthora  omnivora  infects  and  destroys 
the  seedlings  of  the  Beech  and  other  plants. 
In  Gystopus  (C  candidu$  on  Gapsella  and  other 
Grucifers,  C.  cubicus  on  Gompositie)  gonidio- 
phores bearing  numerous  gonidangia  are  formed 
in  great  numbers  close  together  under  the  epi- 
dermis, and  cause  its  rupture. 

Order  3.  — Saprolegniaceae.  The  Sapro- 
legniacesB  all  live  in  water,  and  are  mostly 
stiprophytic,  though  some  are  parasitic;  one 
species  causes  the  Salmon-disease. 

Asexual  reproduction  of  the  gametophyte  is 
effected  entirely  by  zoogonidia,  but  in  Aplanet 
liraunii  they  are  not  set  free  but  germiqate 
within  the  gonidangium ;  they  are  formed  in 
terminal  but  not  otherwise  especially  differen- 
tiated gonidangia  (Fig.  204).  On  coming  to 
rest  they  germinate  to  form  a  mycelium. 
They  are,  in  some  forms,  surrounded  by  a  thin 
cell-wall  at  their  first  formation. 

The  oogonia  and  pollinodia  (when  present) 
ro<(emble  those  of  the  Peronosporaces.  The 
number  of  oospheres  in  the  oogonium  varies 
widely  in  different  individuals;  sometimes  there  is  only  one  (Leptolegnia, 
Aphanomyces) ;  but  as  a  rule  there  are  many,  as  many  as  30-40 ;  in  either 
case  they  are  developed  from  the  whole  of  the  protoplasm  of  the  oogonium. 


Fie.  204.— Gonidangium  of  an 
Acblya.  A  Closed.  B  The  zoo- 
gonidia are  escaping ;  c  a  lateral 
branch ;  a  zoogonidia  jnst  es- 
caped ;  b  empty  membranes ; 
0  swarming  zoogonidia.  (x  650: 
after  Sachs.) 


Digitized  by 


Google 


294  PART   111. — THE   CLASSIFICATION  OF   PLANTS. 

The  male  and  female  sexaal  organs  are  oommonlj  borne  on  the  sameliyphA, 
bufe  in  some  oases  {e.g.  Saprolegnia  dioica  and  anigospora)  this  is  not  the  case ; 
however,  it  is  not  clear  that  these  species  are  actually  dioecious.  In  some 
species  {Saprolegnia  Thuretit  toruloga^  monilifera^  and  Achlya  itellata)  no  male 
organs  are  deyeloped  as  a  rule ;  in  others  {Saprolegnia  mixta,  Achlya  tpinota) 
they  are  as  often  absent  as  present;  in  others  they  are  frequently  absent 
(Aphanomyces  itellatus,  Saprolegnia  Jiypogywi,  Aplanea  Braunii) ;  in  others, 
finally,  they  are  always  present  {dchlya  racemosa  and  polyandra,  Saprolegnia 
monoica).  • 

When  poUinodia  are  present,  they  are  closely  applied  to  the  oogonium  ; 
sometimes  several  are  applied  to  one  oogonium.  In  some  forms  {e.g.  Sapro- 
legnia a$terophora)  the  pollinodium  undergoes  no  change,  or  it  sends  out  a 
short  tube  which  enters  the  oogonium  but  does  not  touch  the  oospheres.  In 
most  others  the  pollinodium  sends  out  one  or  more  tubes  which  enter  the 
oogonium  and  come  into  close  contact  with  the  oospheres.  But  in  all  cases 
the  tubes  remain  closed,  and  no  act  of  fertilisation  has  been  observed.  The 
oospheres,  however,  all  become  oospores;  but  since  there  is  apparently  no 
fertilisation,  this  change  is  produced  parthenogenetieally. 

The  germination  of  the  oospores  presents  the  same  variations  as  in  the 
Peronosporacese.  The  life-history  of  the  Saprolegniaoe»  is  therefore  essentially 
the  same  as  that  of  the  Peronosporaoess. 

The  principal  genera  are  Saprolegnia,  Achlya,  Aphanomyces,  Diotyuchus, 
Aplan^s,  Apodya. 

Sub-Class  IV.— ASCOMYCETES.  This  sub-class  includes  a 
vast  number  of  forms,  both  saprophytes  and  parasites.  Some  of 
them  (e.g.  Fenicillium  glaucum,  Uurotium  AspergiUus)  are  familiar 
as  the  blue  or  green  moulds  appearing  on  jam,  old  boots,  etc. ; 
others  (Erjsipheffi)  as  mildew  on  roses,  etc :  Cordjceps  infests 
the  larvae  of  insects. 

On  the  assumption  of  the  sexnality  of  the  Ascomycetes  (see  p. 
279),  the  life-history  of  typical  members  of  this  group  presents  a 
well-marked  alternation  of  generations  ;  the  plant  is  the  gameto- 
phyte;  the  ascocarp  is  the  sporophyte;  an  alternation  which  is 
the  same  as  that  of  the  RhodophycesB  among  the  Algse.  The 
similarity  is  further  emphasised  by  the  fact  that,  as  in  the 
Rhodophyceae,  the  gametophyte  may  be  potential.  In  some  cases 
the  life-history  is  complicated  by  the  polymorphism  of  the  game- 
tophyte, which  includes  in  its  life-history  one  or  more  entirely 
asexual  gonidia-bearing  forms.  These  various  life-histories  are 
briefly  illustrated  by  the  following  examples. 

I.  The  gametophyte  produces  no  gonidia  (e.g.  Eremascus  albus, 
Gymnoascus,  most  Ascomycetous  Lichen-fungi,  Ascobolus  furfur- 
aceuSf  Pyronema).     In  these  the  life-history  is  perfectly  simple, 
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consisting  in  an  alternation  between  the  plant  bearing  sexnal 
organs  (gametophjte)  and  the  ascocarp  (sporophy  te).  On  germina- 
tion the  spores  (ascospores)  produced  in  the  ascocarp  give  rise  to 
the  sexual  plant. 

2.  The  gametophyte  produces  gonidia  but  not  on  a  special  form  (e.g, 
ErjsipheaB,  Eurotium,  Penicillium).  In  these  the  gametophjte  re- 
prodaces  itself  bj  means  of  gonidia ;  in  the  Erysipheod  and  Earo- 
tiam  the  gametophjte  genorall j  produces  sexnal  organs  eventuall j, 
that  is,  it  general! J  becomes  an  actual  gametophjte ;  in  Penicillium 
the  formation  of  sexual  organs  takes  place  onlj  exceptionallj 
under  special  conditions,  so  that  manj  successive  generations  of 
potential  gametophjtes  maj  be  produced  bj  means  of  gonidia 
before  an  actual  gametophjte  makes  its  appearance.  This  maj 
occur  also  in  the  Erjsipheae. 

8.  The  gametophyte  produces  gonidia  and  is  polymorphic.  This 
life-historj  can  be  clearlj  traced  in  Claviceps  purpurea,  the  Ergot 
of  Rje.  The  mjcelium  is  developed  in  the  ovarj  of  the  Rje- 
flower,  and  forms  a  continuous  lajer  of  hjphee,  a  compound  gonid- 
iophore,  at  the  surface,  from  which  immense  numbers  of  gonidia 
are  formed  bj  abstriction,  imbedded  in  a  mucilaginous  substance 
known  as  Honej-dew.  This  substance  is  eaten  bj  insects,  and 
thus  the  gonidia  are  carried  to  other  flowers  and  there  reproduce 
the  fungus.  This  is  the  Sphacelia-form.  When  the  rje  is  ripen- 
ing, the  mjcelium  forms  a  dense  sclerotium  (see  p.  275),  fusiform, 
about  an  inch  long,  of  a  dark  purple  colour  at  the  surface.  This  is 
the  Ergot,  and  it  remains  dormant  until  the  following  spring.  On 
germination  the  sclerotium  gives  rise  to  several  filaments  termed 
stromata,  about  an  inch  long,  each  composed  of  a  strand  of  hjphse, 
which  bear  a  swollen  knob  at  their  apices  (Fig.  212).  All  over 
the  surface  of  the  knob  are  a  number  of  depressions,  in  each  of 
which  there  is  an  ascocarp  (perithecium)  containing  a  number  of 
asci,  and  in  each  ascus  there  are  eight  filiform  ascospores.  The 
ascospores  are  carried  bj  the  wind  to  the  Bje-flowers  and  there 
give  rise  to  the  Sphacelia-form.  A  somewhat  similar  life-historj 
is  that  of  Peziza  Sclorotiorum,  though  the  alternation  of  the  two 
forms  of  the  gametophjte  is  not  so  regular :  the  asexual  form  of 
the  gametophjte  (which  corresponds  to  the  Sphacelia-form  of 
Claviceps)  bears  simple  gonidiophores  and  is  known  as  Botrytis 
cinerea. 

In    some   cases    onlj   gonidia-bearing  forms    are  known  (e,g. 
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Aspergillus  clavattu,  Boirytis  Bassii,  species  of  Isaria,  Cladosporium' 
Herharum,  etc.). 

The  Reproductive  Organs  .of  the  Oametophyte  are  asexnal  and 
sexnal. 

The  asexual  organs  are  gonidiopbores,  either  simple  or  compound 
(see  Figs.  205,  211),  branched  or  unbrancbed  ;  the  gonidia  are 
formed  by  abstriction  from  short  tobalar  outgrowths  of  the  un- 
brancbed, or  of  the  terminal  cells  of  branches  of  the  branched, 
gonidiophore,  termed  sterigmata.  In  many  cases  the  gonidiopbores 
are  collected  into  special  receptacles  termed  pycnidia. 

The  sexual  organs  are  modified  hyphsB.  They  may  be  unseptato 
(e.gf.  Eremascus,  Eurotium  Aspergillus^  Pyronema),  or  septate  (e.g, 

Ascobolus,  Collema)  ;  they  may  be 
quite  similar  {e,g,  Eremascus)  or 
more  or  less  differentiated;  they 
may  come  into  close  contact  {e.g. 
Eremascus,  Eurotium,  Pyronema), 
or  they  are  developed  at  a  distance 
from  each  other  (e,g.  Collema, 
Polystigma). 

When,    as    in    Eremascus,   the 
sexual  organs  are  undifferentiated, 
nss^  H  no   special    names    are    given    to 

^^'=g>N^  m  J  \^  them ;  but  when  they  are  differen- 

tiated the  female  organ  is  termed 
an  archicarp,  and  the  male  organ 
a  pollinodium  when  developed  close 
to  the  female  organ,  or  a  sterigma 
when  developed  at  a  distance 
from  it. 

In  some  forms  (e,g,  Collema,  Pyronema)  the  arcbicarp  consists 
of  two  parts ;  a  receptive  portion,  filamentoos  in  form,  the  tricho* 
gyne;  a  fertile  portion,  the  ascogonium  (compare  Rhodophyceoa, 
p.  268).  In  the  simpler  forms,  the  triohogyne  is  absent  (e^, 
Earotium,  Erysiphese,  Ascobolus),  the  archicarp  consisting  solely 
of  the  ascogonium.  The  form  of  the  ascogonium  is  either 
filamentous,  sometimes  spirally  coiled  (e.g.  Collema,  Fig.  208, 
Eurotium,  Fig.  211) ;  or,  it  is  dilated,  and  spherical  or  oval 
(e.g.  Pyronema,  Fig.  207,  ErysiphesB). 

The  pollinodium  may  be  filamentous  (e.g.  Eurotium),  or  dilated 
and  club-shaped  (e.g.  Pyronema,  Erysipheae). 


Ffo.  206.  — Gonidiophore  of  Penicil- 
lium  glaucum :  a  a  row  of  gonidia  on  a 
■terigma ;  in  bypha  of  the  mjceliom. 
(xlfiO.) 
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The  steri^spnata  are  borne  in  receptacles  termed  spermogonia. 
The  spermogoniam  consists  of  a  wall  formed  of  coherent  hyphas 
from  which  a  number  of  free  hyphse,  the  sterigmata,  grow  into 
the  interior  and  produce,  by  i*epeated  abstriction  at  their  apices, 
a  number  of  small  rod-shaped  cells,  the  spermatia,  with  a  cell- 
wall,  which  seem,  in  some  cases,  to  be  the  male  cells  (see  p.  277). 
These  cells  reach  the.  sarface  through  the  small  opening  of  the 
spermogonium. 

Whilst  it  is  true  that,  in  very  many  cases,  the  spermatia  germinate  like 
gonidia,  this  does  not  absolutely  prove  that  they  may  not  be  imperfect  or  de- 
generate sexual  cells ;  the  independent  germination  of  undoubted  male  cells  is 
not  uncommon  in  the  Algie  (p.  226). 

A  process  of  fertilisation  has  not  been  observed  in  all  forms  in 
which  sexual  organs  are  present ;  but  it  has  been  observed  in  the 


Fis.  206.— Sexual  reprodnction  of  Erema$eu$  albvt.  A  Sexual  orfrans  in  contaot.  B 
Fusion  of  the  organs  at  the  apex,  with  developing  ascocarp.  CMatnre  ascocarp,  consisting 
of  a  single  ascms  containing  eight  asoospores.    (  x  1000 :  after  Sidam.) 

following  cases  which  are  representative  of  the  various  modes  in 
which  it  may  take  place. 

In  Eremascus  (Fig.  206)  the  apices  of  the  undifEerentiated 
sexaal  organs  come  into  contact,  and,  the  cell- walls  being  absorbed 
at  the  point  of  contact,  the  protoplasmic  contents  fuse. 

In  Pyronema  the  trichogyne  comes  into  close  contact  with  an 
adjacent  pollinodium;  the  cell-walls  become  absorbed  at  the  point 
where  the  apex  of  the  tnchogyne  pi*esses  against  the  pollinodium, 
and  the  contents  of  the  two  organs  fuse  (Fig.  207). 

In  Collema  (Fig.  208)  it  appears  that  the  spermatia  are  brought, 
by  means  of  water,  into  contact  with  the  projecting  trichogyne ; 
one  of  them  adheres  to  the  trichogyne ;  the  cell-walls  are  absorbed 
at  the  point  of  contact,  and  the  protoplasm  of  the  spermatium 
enters  the  trichogyne. 

It  is  probable  that,  in  consequence  of  sexual  degeneration,  the 
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sexoal  organs  are  fanctionless  in  the  majority  of  those  Ascomjcetes 
in  which  both  kinds  of  them  are  present.  In  some  forms  sexual 
degeneration  has  proceeded  so  far  that  no  male  organ  is  developed 
{e.g,  Chsetomiam,  Melanospora)  ;  in  others  there  is  not  only  no  male 
organ,  bat  the  female  organ  is  either  rndimentarj,  being  re- 
presented only  by  a  stracture  known  as  Woronin*s  hypha  (e,g. 
Xylaria),  or  cannot  be  detected  at  all  {e.g,  Clavioeps,  Pleospora). 
The  Beproductive  Organs  of  the  Sporophyte. — The  sporophyte  is 


Fio.  207.  — SezQBl   reprodactlon  in  Fis.  208.^Seotion  of  the  homoiomerotu 

Pyrontma  confiutiu :   o  arohicarp  with  thnllas  of  Oo11eina(a  Lichen) :  a  the  aacogo- 

triohogyne  (t)  which  haa  fused  with  the  niiim ;  t  the  trichogjne;  h  the  hypha;  n  the 

poUinodium  a.  ( x  300 :  aOer  Kihlman.)  algal  fUament»<Noatoc).  ( x  350 :  aOer Stahl). 

a  fructification  termed  the  ascocarp,  which  (assuming  its  sexual 
origin,  p.  279)  corresponds  to  the  cystocarp  of  the  RhodophyceaB. 
In  those  Ascomycetes  in  which  there  is  an  archicarp,  the  ascocarp 
is  developed  directly  or  indirectly  from  that  organ,  either  as  the 
result  of  fertilisation,  or  parthenogenetically,  in  those  forms 
respectively  in  which  a  sexual  process  does  or  does  not  take  place. 
When  no  archicarp  is  prasent,  or  when  it  exists  in  only  a  rudi- 
mentary form  (Woronin's  hypha),  the  ascocarp,  is  developed 
directly  from  the  mycelium. 

The  simplest  form  of  ascocarp  is  found  in  Eremase^us  (Fig.  206). 
After  the  sexual  process  has  taken  place,  a  large  spherical  cell  is 
formed  at  the  point  of  junction  of  the  two  sexual  organs.  This  cell 
is  an  ascus,  and  produces  within  it  eight  ascospores.  Here  the 
whole  ascocarp  consists  of  a  single  naked  ascus. 

The  ascocarp  of  Podospheera  (one  of  the  Erysipheap)  is  but  little 
more  complex  than  that  of  Eremascus.  Here  likewise  the  archi- 
carp gives  rise  directly  to  a  single  ascas ;  but  an  investment  is 
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formed  round  tlie  developing  ascos  by  the  growth  round  it  of  hyphae 
from  the  adjacent  mycelium,  which  cohere  to  form  a  layer  of 
parenchymatous  tissue. 

In  the  majority  of  forms  the  development  of  the  ascocarp  is  in- 
direct. The  archicarp  gives  rise  to  a  greater  or  smaller  number 
of  filaments,  branched  or  unbranched,  the  ascogenous  hypkce  (which 
closely  correspond  to  the  ooblastema-filaments  of  the  RhodophycesB, 
see  p.  270),  from  which  the  asci  are  formed  as  branches,  and  which 
together  form  a  compound  sporophore.  The  asci  are  developed 
close  together,  forming  a  hymenial  layer  or  group,  and  may  or  may 
not  be  enclosed,  either  completely  or  partially,  by  an  investment 
formed  from  the  surrounding  mycelium.  In  the  latter  case,  vege- 
tative hyphsd  grow  in  among  the  ascogenoas  hyphae  and  terminate ' 
in  a  number  of  sterile  filaments,  the 
paraphysea,  which  are  situate  in  the 
hymenial  layer  between  the  asci. 

The  following  forms  of  ascocarp 
may  be  distingaished  amongst 
those  which  have  a  cellular  invest- 
ment : — the  cleistoihecium ;  the  in- 
vestment remains  closed  until  it 
decays  and  ruptures  to  permit  of        Fie.  209.— x  Ascocarp  of  Uncinwio  w. 

the  escape   of   the    aSCOSporeS    (see  <'<^»*  (Brjaipheee),  slightly  magnified : 

,,.         -.^jr   r»n\      xi  •.»       •  m  mycelliun ;  /  clelstothecinm ;   K  in- 

1  IgS.  209,  21 1)  :   the  penthectum ;  a  nesting  filaments.   B  An  aacus  from  the 

narrow   aperture  is   developed  op-  cleistotheclum,  containing  eight  aaco- 

posite  to  the  hymenial  layer  (see      "Por^^^^^ore    g  ymagnifl 
Fig.  212) :  the  apothecium ;  the  investment  is  somewhat  saucer- 
shaped,  so  that  the  hymenial  layer  is  fully  exposed  (see  Fig.  213). 

The  ascus  is  in  all  cases  unicellular.  It  may  be  either  spherical 
(e.g.  Eremascus,  Eurotium),  or  oval,  or  club-shaped  (e.g.  Peziza) 
in  form.  In  some  cases  the  ascospores  are  ejected  with  consider- 
able force ;  in  others  they  are  set  free  on  the  mucilaginous  degene- 
ration of  the  wall  of  the  ascus. 

The  ascopores  are  formed  by  free  cell-formation  (see  Fig.  80,  p.  122) 
from  a  portion  only  of  the  protoplasmic  contents  of  the  ascus,  pre- 
ceded by  nuclear  division.  The  unused  portion  of  the  protoplasm  is 
termed  the  epiplasm,  and  is  rich  in  a  carbohydrate  called  glycogen. 
In  nearly  all  cases  eight  ascospores  are  formed  ;  in  some  cases  each 
of  the  eight  spore-rudiments  undergoes  division  to  foi-m  a  com- 
pound  spore  {e.g.  Hysterium,  Pleospora,  etc.),  the  cells  of  which 
may  either  separate  or  remain  coherent.     The  form  of  the  asco- 
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spore  is  spherical,  or  oval,  or  rarely  filamentons  {e.g.  Claviceps, 
Fig.  212).  The  wall  generally  consists  of  exosporinm  and  endo- 
sporinm  :  the  protoplasm  generally  contains  oil -drops. 

The  germinating  aacospore  usually  gives  rise  directly  to  the  game- 
tophytic  mycelium ;  but  in  some  forms  (e.g.  Polystigma)  it  gives 
rise  to  a  ppomycelinm  bearing  small  gouidia,  termed  sporidia,  and  it 
is  from  the  sporidium  that  the  gametophytic  mycelium  is  developed. 

The  Asoomjcetes  maj  be  classified  as  follows : — 

Order  I. — Gymnoasceae  :  asci  withoat  any  iDvestment,  or  with  only  a  rudi- 
mentary inyestment,  either  solitary,  or  forming  a  hymenial  layer. 

The  typical  members  of  this  groap  are  Eremascus  (Fig.  206),  Gymnoascus, 
and  Exoascns  parasitic  on  varions  trees. 

It  is  now  customary  to  place  in  this  order  the  family  of  the  Sicchaboutcetes, 
or  Yeast-Fungi,  which  is  familiar  on  acooant  of  the  alcoholic  fermentation  of 
saccharine  solutions  which  some  of  its  members  excite  {e.g.  Saeeharomyeei  Cere- 
visia  used  in  brewing,  and  S.  elUpsoideus,  which  causes  the  fermentation  of  the 
grape-juice  in  the  manufacture  of  wine).  Tbe  plant  is  usually  a  single  small 
spherical  or  oval  nucleate  cell,  and  multiplies  rapidly  by  budding  (Fig.  210). 
When  budding  is  proceeding  very  rapidly,  the  suc- 
cessive cells  may  remain  coherent  for  a  time ;  but  a 
true  mycelium  is  only  rarely  found,  as  in  S,  Myco- 
dfrma,  which  forms  a  scum  on  decomposing  wine 
and  beer. 

Under  certain  conditions,  particularly  the  absence 
of  a  sufficient  supply  of  food,  the  plant  forms  spores. 
Fio.  210.— Growing  cells      Usually  four  spores  are  formed  in  a  cell,  by  free 
of    Yeast    (Soccfcaromifwt      cell-formation,  from  a  portion  of  the  protoplasm,  the 
C»T.vUiai) ;  the  clear  spaces      ^^^^  i^maining  as  a  parietal  layer  of  epiplasm.    The 
in  tbe  cells  are  vacaoles.  ,.,  ,  .,  .  , 

,  ^  ^QQ  V  spores  surround  themselves  with  a  membrane,  and 

are  set  free  by  the  disorganisation  of  the  wall  of  the 
cell.  The  spores  retain  their  vitality  under  conditions,  such  as  desiccation, 
absence  of  food,  extremes  of  temperature,  etc.,  which  would  prove  fatal  to  the 
Yeast-plants.  The  spores  germinate,  on  attaining  appropriate  conditions  of 
moisture  and  temperature,  and  give  rise  to  Yeast-cells  by  budding. 

Inasmuch  as  the  formation  of  the  spores  in  a  Yeast-cell  takes  place  in  the 
same  manner  as  the  formation  of  spores  in  an  asous,  the  Yeast-cell  may  be  re- 
garded as  an  ascus.  It  is  on  this  account  that  the  Saccharomycetes  are  in^ 
eluded  in  the  Ascomycetes,  and  in  the  Gymnoasceae  on  account  of  their  naked 
asci.    They  are,  however,  reduced  and  sexually  degenerate  form  j. 

It  must  be  borne  in  mind  that  cells  very  similar  to  those  of  the  true  Saccha- 
romycetes, multiplying  in  the  same  manner,  and  often  capable  of  exciting  the 
alcoholic  fermentation  of  sugar,  may  be  formed  by  gemmation  from  the  gonidia 
of  various  kinds  of  higher  Fungi  (e.g,  Mucor  raeemotus^  Penicillium  gtaucunij 
some  EntomophthoracesB,  Ustilagineie,  and  Basidiomycetes)  under  special  con- 
ditions. These  Yeast-like  cells,  however,  grow  into  mycelia  under  appropriate 
treatment.  However,  it  is  still  a  question  whether  all  the  forms  of  Saccharomy- 
cetes may  not  be  merely  secondary  gonidial  forms  or  gemmsB  of  mycelial  Fungi. 
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Order  n. — Pyrenomycetes :  asci  forming  a  hymenial  lajer,  with  an  invest- 
ment ;  the  asoocarp  is  either  a  oleistothecium  or  a  peritheoinm ;  a  stroma  is 
present  in  some  families. 

The  ascooarp  is  a  cleistotheoiam  in  the  sub- order  Perisporiaoese,  including 
the  families  Erysiphete  (the  Mildews)  and  PerisporiesB  (e.g,  Eurotinm  and 
Ponioillium) ;  in  these  families  there  is  no  stroma. 

In  this  order  the  Taberaoeas,  Traffles,  may  be  incladed  [e.g.  Tuber  attivunit 


Fie.  2ll,~~JturoHum  repmu,  A  A  portion  of  the  mycelium  with  a  simple  ffonidiophore 
(o)  bearing  gonidia ;  the  gonidia  have  already  fallen  off  from  the  «terigmata  (»t) ;  «.  a 
yoang  aBcogonium.  B  Ascogonium  (tu)  with  a  pollinodium  (p).  C  Another,  with  hypbas 
growing  up  round  it.  D  A  oleistothecium  seen  on  the  exterior.  E  F  Sections  of  unripe 
cleistotheoia;  to  the  investment}  /  ascogenous  hyphsB  arising  from  the  ascogonium, 
which  subseqently  bear  the  asci.  G  An  asous.  H  ▲  rii^e  ascoapore.  (Magnified :  after 
Sachs.) 

hrumale,  etc.,  Elaphomycei  granulatiu) ;  the  only  reproductive  organs  which  they 
are  known  to  possess  are  the  large  cleistothecia  which  have  a  complex  structure. 
The  ascocarp  is  a  perithecium  in  the  sub-orders  HypocreacesB  (e,g.  Polystigma, 
Melanospora,  Nectria,  Epichloe,  Claviceps,  Oordyceps),  Sphffiriaceie  {e.g.  ChsBto- 
mium,  Bordaria,  Xylaria,  Hypoxylon,  Pleospora,  Spbaerella),  and  Dothideaceae : 
a  stroma,  which  varies  much  in  form,  is  frequently  present. 
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Among  the  simple  forms  with  free  peiitheeia  maj  be  mentioned  the  genera 
Chietomium ;  Sordaria ;  TriohosphaBria ;  Sphierella,  many  species  of  which 
appear  on  dead  leaves  as  black  spots ; '  Calosphieria,  which  forms  its  long 
slender  perithecia  in  groups  on  the  wood  and  bark  of  cherry-trees  (C  Princepg); 
Pleospora;  Massaria;  etc. 

«In  the  compound  forms,  those,  that  is,  which  have  a  stroma,  the  stroma 
forms  warty  incrustations  or  patches  of  irregular  outline,  which  have  a  punct- 
ated appearance  owing  to  the  numerous  openings  of  the  perithecia :  Diatrype 


Fie.  212.— Clam'Mpa  punmrM.  A  A  sclerotiam  (c)  bearing  stromata  (x  2).  B  Section 
of  a  stroma;  ep  the  perithecia.  C  A  pejfitheciam  more  highly  magnified.  D  An  ascuB 
rnptnred ;  the  elongated  spcree  (ip)  are  escaping.    (After  Sachs.) 

ditciformist  which  forms  black  warts  as  large  as  peas,  belongs  to  this  group,  it 
is  very  common  on  dead  boughs  ;  also  Nectria  einnabarina,  which  has  a  bright 
red  stroma,  and  occurs  on  many  kinds  of  dead  wood ;  Nectria  ditissima  causes 
a  disease  on  the  branches  of  Beech-trees.  In  other  cases  the  stroma  developes 
into  an  upright  club-shaped  or  branched  tufted  body,  like  the  stromata  of 
Xylaria,  for  instance,  which  occur  very  frequently  on  the  trunks  of  trees ;  of 
Cordycepe,  wbich  grow  from  the  bodies  of  insects ;  of  Claviceps,  which  spring 
from  the  Ergot-sclerotium  (see  p.  295).  In  most  forms,  the  stroma  bears  a 
crop  of  gonidia  before  it  developes  the  perithecia. 

Order  III. — Discomycetes  :  the  ascocarp  is  an  apothecium  of  various  form  ; 
a  stroma  sometimes  present. 

The  order  may  be  divided,  according  to  the  form  of  the  apothecium,  into  the 
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two  sub-orders  Pezizaoeie  and  Helvellaceie.  In  the  former  the  apothecinm  is 
cup-shaped,  the  hymenium  covering  the  concave  surface,  and  is  closed  in  the 
early  stages  of  its  development ;  in  the  latter  the  apothecinm  is  borne  on  the 
convex,  smooth  or  reticulate  surface  of  an  erect  stroma. 

The  sub-order  PezizacesB  includes  several  families,  the  Phacidieie,  Pezizese, 
BulgarieiB.  etc.  As  representative  may  be  mentioned  RhytUma  AceHrmm,  tBe 
mycelium  of  which  infests  the  leaves 

of  the  Maple,  but  the  development  m  t 

of  the  apothecium  does  not  take 
place  until  after  the  leaves  bave  S 
fallen;  and  other  aimUar  forms 
which  inhabit  the  leaves  of  the 
Silver  Fir,  Spruce,  and  other  trees  : 
Aseobolus,  which  grows  on  dung : 
the  various  Sf>ecies  of  Peziza,  with 
brightly  coloured  apothecia,  growing 

onrotUngwood,etc.:  Bulgaria. with  Fie    «3. -Longitudinal  section   of    the 

...  ,      .  ^      ,  apnthedam  of  Pm*a  oonvexula:    h  the  hy- 

agelatmous  apothecium.  growing  on       ionium.   (After  Sachs.) 
dead  branches  of  the  Oak. 

The  sub-order  HelvellaoesB  includes  the  genera  Morchella  (the  Morel! ,  escu- 
lent), Gyromitra,  Helvella,  etc. 

Sab-Class  V. — ^Ecidiomycetes.  This  sub-class  includes  a  con- 
siderable number  of  parasitic  plants  known  as  Rusts  and  Smuts. 
They  are  characteHsed  by  their  remarkably  complex  life-history, 
due  to  the  .polymorphism  of  what  represents  the  gametophyte, 
which  presents  two  or  more  gonidia-bearing  forms :  and  by  the  fact 
that  neither  gonidia  nor  spores  are  developed  in  the  interior  of  a 
sporangium  or  gonidangium,  but  are  formed  by  abstriction.  A 
sporophyte  is  indicated  in  one  order  of  the  sub-class,  but  not  in 
the  other,  and  this  constitutes  the  essential  difference  between 
them;  it  is  indicated  by  the  fructification  which  is  termed  an 
^cidium.  Whilst,  as  a  matter  of  fact,  it  is  not  certainly  known 
that  the  plants  in  question  have  sexual  organs,  and  that  the 
SBcidinm  is  the  product  of  a  sexual  process,  there  are  some  grounds 
for  regarding  the  sscidium  in  this  sub-class  as  thehomologue  of  the 
ascocarp  in  the  Ascomycetes,  and  for  the  view  that,  in  both  sub- 
classes, the  SBcidium  and  the  ascocarp  respectively  represent  the 
sporophyte  (p.  279). 

The  sub-class  is  divisible  into  two  orders  : — 

Order  1.     UredineaB :  have  an  eecidium-form,  as  a  rule. 

Order  2.     TJstilagineee :  never  have  an  89cidium-form. 

Order  I. — UredinesB.  This  order  comprises  those  parasites  which  are 
generally  known  as  Busts,  on  account  of  the  rusty  appearance  which  they  give 
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to  their  host-plants  at  a  certain  stage  of  their  life-history,  when  they  bear  at  the 
sarface  a  great  namber  of  orange-coloured  gonidia. 

The  life-history  of  these  plants  presents,  in  many  oases,  a  dear  alternation 
of  generations,  together  with  polymorphism  of  the  gametophyte  which  has  an 
asexual  form ;  moreoyer  the  different  forms  of  the  gametophyte  are  sometimes 
hetercRcioui,  that  is,  they  inhabit  different  hosts. 


Fto.  214.— Pueeinia  Oraminw.  I  Transverse  section  of  a  leaf  of  Barberry,  with  Bcidi& 
(a);  p  the  wall  of  the  sDcidium  ;  u  lower,  o  upper  surface  of  the  leaf,  which  has  become 
thickened  at  u,  y,  in  consequence  of  the  presence  of  the  parasite ;  on  the  upper  surface  are 
spennogoniu  (sp).  A  A  yoang  ecldium  which  has  not  yet  opened.  II  Sorus  of  teleuto- 
gonldia  {t)  on  the  leaf  of  Trilicum  repent ;  «  its  epidermis.  HI  Part  of  a  sorus  of  uredo- 
gonidia  on  the  same  plant;  ur  the  uredogonidia;  t  a  teleutugonidium.    (After  Sachs.) 

Pitccinia  GraminU  affords  an  example  of  the  most  complex  life-history  with 
hetercecism.  It  inhabits  Wheat,  Kye,  and  other  Grasses,  and  developes  its 
mycelium  in  the  tissues  of  the  young  plants.  During  the  summer  it  produces 
groups  of  simple  gonidiophores,  at  the  apex  of  each  of  which  a  single  oval 
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gonidinm,  termed  a  uredogonidium,  of  an  orange  colour,  is  formed  by  abstriction 
(Fig.  214,  HI) ;  in  consequence  of  the  great  development  of  cells  at  these  points 
the  epidermis  of  the  host  is  ruptured,  and  the  groups  of  uredogonidia  are  visible 
on  the  surface  as  rusty  spots.  These  uredogonidia  are  scattered  by  the  wind,  and 
infect  other  Grass-plants ;  on  reaching  a  leaf,  the  uredogonidium  germinates  at 
once,  forming  a  hypha  which  enters  through  a  stoma  into  the  interior  of  the 
leaf,  where  it  developes  into  a  mycelium  bearing  uredogonidia.  This  stage  in 
the  life-history  is  termed  the  Uredo-form. 

Later  in  the  season,  when  the  tissues  of  the  hosts  are  becoming  hard  and 
dry,  the  Uredo-form  no  longer  produces  uredogonidia,  but  dark-coloured  often 
compound  gonidia,  known  as  UUu- 
togonidia  (Fig. 214,  II), developed  in 
the  same  way  as  the  uredogonidia. 
The  teleutogonidia  remain  quies- 
cent during  the  winter.  When 
they  germinate  in  the  following 
spring,  one  or  both  of  the  cells 
gives  rise  to  a  small,  free,  non- 
parasitic mycelium  (promyoelium), 
from  each  of  the  cells  of  which  a 
delicate  gonidiophore  is  produced, 
which  developes  a  small  gonidium 
(termed  a  sporidium)  by  abstriction 
at  its  apex  (Fig.  215). 

The  sporidia  are  scattered  by  the 
wind,  and  if  they  fall  on  the  leaves 
of  the  Barberry  they  germinate, 
giving  rise  to  a  hypha  which 
pierces  the  epidermis  of  the  leaf, 
and  then  forms  a  dense  mycelium 
in  the  intercellular  spaces  of  the 
mesophyll.  At  certain  points  the 
tissue  of  the  leaf  is  hypertrophied, 
forming  cushions,  which  project 
on  the  under  surface.  Towards 
the  upper  surface  of  the  cushion 
there  are  formed  on  the  mycelium 
small  receptacles,  the  spermogonia 
(Fig.  214  «p),  each  of  which  con- 
tains a  number  of  unseptate  hyph»,  radiating  from  the  wall  towards  the  centre, 
which  are  termed  tterigmata ;  each  of  these  produces  at  its  apex  by  abstriction 
a  small  cell,  the  tpermatium,  which  escapes  from  the  spermogonium ;  spermo- 
gonia  are  formed,  though  less  frequently,  on  the  under  surface.  Large  spherical 
structures  are  formed  oa  the  under  surface  of  the  cushion  (Fig.  214) ;  these  ai'e 
the  (Bcidia.  This  form  of  the  fungus  is  known  as  jEcidium  Berberidh.  Each 
ssidium  consists  of  a  hymenial  layer  of  simple  unseptate  sporophores  at  its 
base,  from  the  apices  of  which  a  number  of  spores  (acidiotporet)  are  formed  by 
fiucoessive  abstriction ;  the  ncidium  has  a  definite  wall  which  ruptures  at  the 

V.  S.  B.  X 


Fio.  216.~Germiiiation  of  teleatogonidia  of 
variouB  UredinesB:  A  of  Puoeinia  Oramtntii(x 
400);  B  of  Melampeora  (x  300);  C  or  Coleo. 
sporium  (x  230);  t  teleutogouidiam ;  pm  pro- 
myceliom;  tp  sporidia. 
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surface  to  set  free  the  spores.  The  spores  are  coDvejed  by  the  wind  to  Grass- 
plants,  on  the  leaves  of  which  they  germinate,  patting  out  hyphie  which 
penetrate  into  the  interior  through  the  stomata,  giving  rise  to  the  myceliam 
which  bears  the  uredogonidia,  and  subsequently  the  telentogonidia. 

On  the  assumption  (see  p.  279)  that  the  aBcidiom,  like  the  ascocarp  of  the 
Ascomyoetes,  represents  the  sporophyte  in  the  life-history  of  these  plants,  all 
the  other  forms  of  the  plant  are  stages  in  the  life-history  of  the  gametophyte» 
namely  the  Uredo-form,  the  promycelium,  the  ^oidium-form.  Of  these,  the 
two  former  are  altogether  asexual ;  the  form  bearing  the  lecidiam,  by  analogy 
with  the  sexual  Ascomjcetes,  represents  the  actual  gametophyte ;  but  although 
the  sterigmata  in  the  spermogonia  may,  by  analogy  with  some  of  the  Ascomy- 
cetes,  be  regarded  as  male  organs,  and  .the  spermatia  as  mole  cells,  no  female 
organ,  corresponding  to  the  aroiiioarp,  has  yet  been  discovered. 
The  following  species  have  essentially  the  same  life-history  as  that  described 

above,  though  the  host-plants  are 
different  iu  all  cases ;  the  species 
of  Heteruromyces,  such  as  Uro- 
rtiycei  Poa^  U,  DaeVjlidU^  U, 
J  unci  t  U.  Piti^  etc. ;  the  species 
of  Heteropuccinia,  to  which 
^  gruup  Pucciniu  Oraminii  belongs, 

such  as  P.  eoronata,  P,  sestilis, 
P.  RuhigO'Vera,  P.  Carici$t  etc. ; 
the  species  of  Eucoleosporium, 
such  as  Coleo$porium  Seiiecionis ; 
'*  the    species    of    Euohrysomjxa, 

such  as  Chrysomyxa  Hitododen- 
dri,  C  Ledi, 

The  following  are  the  more 
important  variations  on  the  Ufe- 
history  given  above : — 

a.  The  Uredo-fonn  U  absent. 
In  the  £ndophylle»  the  lecidio- 
spore  gives  rise,  on  germination, 
to  a  promyoelium,  which  pro- 
duces sporidia  (as  described 
above) ;  the  sporidium  gives  rise 
to  a  mycelium  bearing  aBcidia. 
6.  The  Vredo-form  only  pro- 
ducei  teleutogenidia,  otherwise  the  life-history  is  the  same  as  that  of  Puccinia 
OraviinU  {e.g,  Gymnosporangium). 

c.  The  jEcidium-form  is  absent;  the  Uredo-form  produces  only  teleutogoitidia  : 
here  the  only  forms  are  the  Uredo-form  bearing  telentogonidia,  and  the  pro- 
mycelium  bearing  sporidia,  which  give  rite  to  the  Uredo-form  on  germination 
{e.g.  species  of  Puccinia  [Leptopuccinia]  such  as  P.  Maloacearum,  P.  Arenaries, 
P.  Circaa), 

d.  There  are  no  distinct  Uredo-forms  and  ^cidium-forms  :  the  same  myceliam 
gives  rise  first  to  lecidia  and  then  to  telentogonidia  (e.g.  species  of  Uromy- 


Fio.  216.— Tninftyerse  seotion  of  a  Willow-leaf 
iiifested  by  Melampsora  salioina :  par  mesophyll 
of  leaf;  §0  upper,  «u  lower  epidermiit.  On  tie 
under  side  a  soros  of  nredogonidia  (st)  with 
paraphyses  (p)  has  broken  throuffh  the  epi- 
dermis; beneath  the  upper  epldermie  isasonu 
of  young  telentogonidia  (C).    (x  260.) 
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oopsis,  saoh  as  Uromycei  Behenis,  U,  ScrophiUaria ;  species  of  Paeeiniopsis, 
sacb  as  Puceinia  BerheridU^  P.  Liliaeeanun,  P.  Tragopogi;  species  of  Phragr 
midiopsis,  saoh  as  XenodacJiut  carbonariua).  In  some  of  the  foregoing  cases 
the  myoeliam  may  bear  a  few  uredogonidia ;  in  Phragmidiam  uredogonidia 
are  always  formed.  , 

It  is  not,  however,  always  the  case  that  when  there  are  distinct  Uredo-  and 
^cidiom-forms,  these  are  heteroecious ;  they  frequently  inhabit  the  same  host- 
plant,  that  is,  they  are  autoKiotu  {e,g.  species  of  Aatea-oromyces,  sach  as 
Uromyeet  Faba,  U,  Orobi,  U,  Trifolii,  etc. ;  species  of  Auteupaccinia,  sach  as 
Puceinia  Oalii,  P,  Aiparagi,  P.  CaWue,  etc.)  When  there  are  not  distinct 
Uredo-  and  ^cidiam-forms  the  fangas  can  only  be  autoecioas. 

The  reprodactive  organs  and  cells,  as  described  above,  precfent  certain  variations 
by  which  the  different  genera  are  distinguished.  Thus,  in  Endophyllum,  the 
group  (sorus)  of  teleutogonidia  is  invested  by  a  definite  wall ;  in  Gymnosporan- 
gium  and 
Gionartium, 
the  teleuto- 
g  o  n  i  d  i  o- 
phores  form 
a  projecting 
column 
which,  in 
Gymnoepor- 
angium,  is 
gelatinous. 
In  Goleo- 
sporium  the 
promycel- 
inm  is  uni- 
oe  11 u lar 
(Fig.  216  C), 

whereas     in  p|q,  il7.-^ChrytomyKa  Rhodod»ndr%  in  a  leaf  of  Rhododmdron  hirnUwn  t 

all  other  vertical  section  of  a  Boros  of  teleutogonidia ;  «  epidermis  of  ander  sarf  ace 
forms  it  is  of  the  leaf;  t  terminal  teleutof^onidia  beginning  to  germinate;  to  the  left 
mult  icelln-       *  teleutogonidium  has  germinated,  giving  rise  to  a  promyceliom  (pr)  with 

sporidinm  (ap)  borne  on  a  sterigma  St.   (x  140:  after  deBary.) 
lar;  m  this 

genus  also  several  uredogonidia  are  formed  successively  from  the  same  goni- 
diophore.  The  primitive  teleutogonidium  undergoes  no  division,  so  that  only 
one  is  found  on  each  gonidiophore,  as  in  Uromyces ;  or  it  divides  transversely 
once  to  form  two  gonidia,  as  in  Pucoinia ;  or  several  times,  to  form  a  roT7  of 
gonidia,  as  in  Phragmidium ;  or  obliquely,  to  form  a  group  of  three  gonidia, 
as  in  Triphragmium.  The  groups  (iori)  of  uredogonidia  are  sometimes  in- 
vested by  a  wall,  as  in  Cronartium.  In  Phragmidium  the  wall  of  the  scidium 
differs  from  that  of  the  other  forms  in  that  it  does  not  consist  of  a  definite 
layer  of  cells,  but  is  represented  by  a  number  of  club-shaped  unicellular  hairs. 
In  most  cases  the  teleutogonidium  is  a  resting-gonidium  ;  but  in  some  forms, 
such  as  Leptouromyces  (e,g,  Uromycei  pallidue,  V,  Ficaria,  U.  Croeit  etc.), 
Leptopncciuia  {e.g.  Puceinia  MalvacearuiHt  P.  Buxi,  P,  Circaai  etc.)  Chryso- 
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myxa,  the  teleutogonidia  germinate,  produoing  Eporidiam-bearing  promycelia, 
as  soon  as  they  are  ripe  and  before  they  have  fallen  off  (Fig.  217). 

In  addition  to  the  fraotifioations  already  described,  there  is  a  form,  known 
as  CiBoma^  about  which  there  is  some  uncertainty  as  to  whether  it  represents  a 
soros  of  oredogonidia  or  an  aBcidiom ;  in  some  oases  it  appears  certainly  to  be 
the  latter. 

Besides  the  genera  enumerated  above,  the  life-history  of  which  has  been 
more  or  less  investigated,  there  are  a  number  of  Uredo-  and  ^cidium-forms,  as 
well  as  most  O»oma-forms,  the  connexion  of  which  has  not  yet  been  ascer- 
tained. These  are,  for  the  present,  simply  designated  Uredo,  ^cidium,  Cteoma, 
constituting  temporary  form-genera. 

The  list  on  p.  309  illustrates  the  life-history  and  beteroeoism  of  the  principal 
genera. 

Order  2.— UstilaginesB.  This  order  comprises  those  parasites  which  are 
known  as  Smuts.     The  life-history  of  most  of  the  members  of  this  order,  is 

briefly  as  follows.  The  plant  produces 
numerous  thick-walled,  often  black  (Smut) 
resting-gonidia,  the  development  of  which 
is  usually  intercalary  (resembling  that  of 
chlomydogonidia)  on  more  or  less  special- 
ised mycelial  branches  (gonidiophores). 
On  germination,  the  resting  gonidium 
^  forms  a  number  of   reproductive  cells. 

aporidia^  of  various  form;  the  sporidia 
are  usually  developed  on  a  small  pro- 
mycelium,  which  may  be  either  multi- 
cellular (Fig.  218  A),  or  unicellular  (Fig. 
218  B) ;  but  in  one  genus,  Protomyces, 
they  are  developed  inside  the  resting- 
gonidium,  which  acts  as  a  gonidangiam, 
the  only  instance  of  the  kind  in  thi 
^cidiomycetes.  In  most  forms  these 
sporidia  then  coalesce  in  pairs;  but  in 
any  case  they  germinate,  either  producing 
at  once  the  mycelium  which  will  bear  the 
resting-gonidia  (e,g,  Protomyces),  or  a 
second  promycelium  bearing  secondary 
sporidia,  from  which  the  mycelium  bearing  resting-gonidia  is  developed  (e,g. 
TilUtia  CarUt), 

In  some  species  (e.g,  Entyloma  Ranuneulif  JMurcinia  Trientalia)  the  myce- 
lium, before  it  produces  the  resting-gonidia,  developes  another  kind  of  gonidia ; 
these  are  small,  thin-walled,  somewhat  spindle-shaped  cells,  developed  by  ab 
striction  from  the  ends  of  unbranohed  simple  gonidiophores. 

The  sporidia,  whan  cultivated  in  nutrient  solutions,  may  be  made  to  multiply 
actively  by  gemmation,  producing  a  number  of  yeast-like  cells. 

With  regard  to  the  life-history  of  the  order,  it  may  be  pointed  out,  in  the  first 
place,  that  the  resting-gonidia  correspond  to  the  teleutogonidia  of  the  Uredines ; 
secondly,  that  the  sporidia  in  the  two  orders  correspond ;  and  lastly,  that  the 
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Fie.  218.— Oerminatiog  resting-goni- 
dia :  A  of  (7ttiUi0O  r«c«ptaettU>rum ;  B  of 
TiVUiin  Carie$  (  x  400) :  tp  the  gonidium ; 
pm  the  promycelimn ;  d  the  sporidia: 
in  B  the  sporidia  have  ooalosced  in 
pairs  at  V. 
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thin-walled  gonidia  of  the  TJstilaginefe  (when  present)  correspond  to  the  nredo- 
gonidia  of  the  Uredinee.  The  gametophyte  of  the  Ustilaginefe  thns  presents 
very  much  the  same  polymorphism  as  that  of  the  Uredineie ;  bnt  th^re  is 
nothing  in  the  former  order  to  correspond  to  the  aecidium  of  the  latter. 

The  affinities  of  the  UstilaginesB  are  of  great  interest.  On  the  one  hand  they 
are  dearly  allied,  as  shown  in  their  life-history,  to  the  Uredines,  and  (as  is 
explained  on  p.  314)  with  the  Basidiomyoetes.  On  the  other  hand  they  are 
allied  to  the  Chytridiacete,  and  less  closely,  to  the  Entomophthoraoefe.  They 
differ  from  the  Ghytridiaoefe,  however,  in  that  their  mycelium  is  septate,  and 
in  that  the  gonidia  are  produced  by  abstriotion.  and  are  not  motile.  Proto- 
myces,  however,  closely  resembles  some  forms  included  in  the  GhytridiaceaB 
(Physoderma),  in  that,  it  produces  its  sporidia  in  the  interior  of  the  resting- 
gonidium,  and  in  that  the  sporidia,  like  the  gonidia  of  Physoderma,  are  non- 
motile  ;  but  Protomyces  has  a  septate  mycelium,  whilst  Physoderma  has  not. 

The  most  important  and  the  most  common  species  are  Vitilago  CarhOt  which 
especially  attacks  Oats,  but  other  Cereals  and  Grasses  as  well :  IT.  Maidis, 
which  produces  large  tumours  in  the  Maize,  filled  with  resting-gonidia : 
Urocystis  occulta^  which  fructifies  in  the  leaves  and  haulms  of  the  Bye :  TiUetia 
Caries^  the  Smut  of  Wheat ;  this  is  dangerous  because  the  grains  filled  with 
resting-gonidia  remain  closed,  and  are  therefore  harvested  with  the  sound  ones. 
Many  other  species  and  genera  infest  wild  plants. 


Sub-Class  VI.— BASIDIOMYOETES.  This  snb-class  includes 
a  large  number  of  plants,  botb  saprophytes  and  parasites,  the 
fructifications  of  which  are  V7 ell-known  as  Mushrooms,  Toad- 
stools, and  PnfP-Balls ;  they  are  the  most  highly  organised  of  the 
Fungi. 

The  body  is  a  branched  septate  mycelium,  growing  in  the  sub- 
stratum, and  bearing  the  reproductive  organs  which  come  to  the 
surface. 

The  reproductive  organs  are  gonidiophores  of  two  kinds,  com- 
pound and  simple.  Of  these  the  compound  gonidiophore  is  uni- 
versal, and  is  characteristic  of  the  sub-class ;  it  constitutes  the 
fructification  commonly  known  as  a  Mushroom,  a  Toadstool,  etc. 
The  structure  of  the  compound  gonidiophore  may  be  illustrated  by 
reference  to  the  common  mushr6om  (Agaricus  campestris).  It  con- 
sists of  a  stalk,  termed  the  stipe,  bearing  at  its  apex  a  large 
circular,  somewhat  umbrella-shaped  expansion,  the  pileus.  On 
the  underside  of  the  pilens  are  a  number  of  radiating  plates  of 
tissue,  the  lamellm  (Fig.  219),  covered  with  the  gonidia- bearing 
layer  of  cells,  the  hymenial  layer  or  hymenium.  The  lamellad 
collectively  constitute  the  hymenophore.  Towards  the  upper  end 
of  the  stipe  is  a  ring  of  tissue,  the  annulus,  the  torn  remains  of  a 
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membrane  (the  velum)  which  extended  from  the  stipe  to  the  mar- 
gin of  the  pileus,  enclosing  the  hjmenial  cavity  (Fig.  222). 

The  slipe  consists  of  a  n amber  of  closely- packed  branching 
hypbsB,  which,  at  its  apex,  spreads  out  to  form  the  tissne  of  tlie 
pi  leas.  In  the  pilens,  the  hyphsB  branch  repeatedly,  the  hypbae 
towards  the  lower 
8ni*face  forming  the 
lamellae.  Each  la- 
mella (Fig.  219  B) 
consists  of  a  mass  of 
hyphsB,  constituting 
the  trama ;  as  the 
hypbae  approach  the 
surface  of  the  la- 
mella, the  cells  be- 
come shorter.  The 
last  cells,  before 
reaching  the  hymen- 
ial  layer,  are  very 
short,  and  constitute 
a  definite  layer, 
known  as  the  sub* 
hymenial  layer  (Fig. 
219  B  C  eh).  The 
terminal  cells  of  the 
hyphaB  constitute 
the  hymenial  layer 
(Fig.  219  B  hy). 
This  consists  of 
somewhat  elongated 
club  -  shaped  cells, 
some  of  which  bear 
gonidia,  and  are 
termed  hasidia, 
whilst  the  others 
are  sterile,  and  are 
termed  paraphyses 
(Fig.  219  G  q). 
Each  basidium  de- 
yelopes  at  its  apex  four  delicate  outg^wths,  the  sterigmata,  and  at 
the  apex  of  each  sterigma  a  single  small  gonidium  (C  s'  e")   is 


Fio.  219.— ifffcrtCM  campetWii.  A  Tan^ntial  seolion  of 
the  pileas,  Bfaowing  the  lamellae  (I)  of  the  bymenophore. 
B  A  similar  section  of  a  lamella  more  highly  magnified ; 
hy  the  hymeniom ;  t  the  central  tissae  called  the  trama. 
C  A  portion  of  the  same  section  more  highly  magniAed 
( X  660) :  9  yonng  basidia  and  paraphyses ;  •*  the  first 
formstion  of  gonidia  on  a  bHsidiam ;  tT  more  advanced 
stages ;  at  $""  the  gonidia  have  fallen  off.    (After  Sachs.) 
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formed.     These  gonidia  are  termed  hasidlogonidia,  with  reference 
to  tbeir  mode  of  origin. 

The  form  of  the  compoand  gonidiophore,  as  also  the  relation  of 
its  different  parts,  varies  widely  in  the  orders  and  families  of 
the  sab-class.  As  the  more  minute  pecaliarities  are  described  in 
the  account  of  these  groups,  only  the  important  diversities  are 
now  mentioned.  In  the  families  Anricalariese,  Tremellineip, 
Dacryomycetes,  Clavariece,  Thelephorece,  Hydneae,  most  Polypore», 
and  some  Agaricinee,  the  hymen ium  is  exposed  from  its  first  devel- 
opment, and  the  gonidiophore  is  consequently  said  to  be  gymno- 
cnrpoua.  In  Polyporus  volvatus,  species  of  Boletus,  and  in  some 
AgaricinsB  (e.g,  sub-genera  Armillaria,  Psalliota,  of  the  genus  Agar- 
icus,  etc.)  the  hymenium  is  covered  for  some  time  by  a  membrane, 
termed  a  velum  partiale,  as  described  above  (see  Fig.  222)  ;  the 
gonidiophore  is  then  termed  hemi-angiocarpous.  Finally,  the  whole 
gonidiophore  may  be  surrounded  by  a  membrane,  which  is  dehiscent 
or  indehisceut,  and  is  then  said  to  bo  angiocarpous.  This  is  due 
to  the  fact  that  the  gonidiophore  is  developed  from  the  internal 
portion  of  the  primitive  mass  of  hyphal  tissue,  the  external  por- 
tion constituting  the  enveloping  membrane.  This  arrangment 
obtains  in  various  ganera  of  Agaricinsp,  such  as  Agaricus  (sub- 
genera Amanita,  Fig.  222,  Lepiota)  and  Coprinus,  and  generally  in 
the  order  Gasteromycetes.  This  membrane  is  termed,  in  the  case 
the  Agaricin»,  a  velum  universale ;  in  that  of  the  Ghisteromycetes, 
a  peridium.  When  it  is  dehiscent,  and  the 
'^  gonidiophore  is  stipitate,  a  portion  of  it  re- 

mains surrounding  the  base  of  the  stipe  as 
a  volva. 

In  species  belonging  to  all  the  families 
of  Hymenomycetes,  except  ClavariesB  and 
Hjdne89,  and  also  in  some  other  forms  (e.g. 
Nidularia  pUiformis),  certain  large  project- 
ing sterile  cells,  termed  cygtidia  (Fig.  223), 
are  formed  in  the  hymenium,  the  function 
of  which  is  not  fully  understood. 

Fm.  m-Muiticeiiaiar  .  ^°  *^®  ^^«^^^  Basidiomycetes  (Autobaai- 

bastdiam  of  Tremeiia :  diomycetes)  the  basidia  are  unicellular,  but 
•  Bteri^rma;  $p  ba«idio-  j^  the  lower  forms  (Protobasidiomycetes) 
they  are  multicellular,  either  with  trans- 
verse septa  (Pilacreae,  Auricnlarieje),  or  with  longitudinal  septa 
(Tremellineae,  Fig.  220). 
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The  number  of  gonidia  borne  by  a  nnicellalar  basidinm  is  nsn- 
allyfonr;  bat  it  may  be  one  (species  of  Hymenogaster),  or  two 
(Calocera,  Dacryomyces,  species  of  Octaviana  and  Hymenogaster), 
or  4tS  (PhalloideflB).  In  the  case  of  the  maltioellnlar  basidiam, 
each  cell  bears  one  basidiogonidiam. 

Simple  gonidiophores  have  been  discoyered  in  several  forms 
(Pilacre  Peterni,  Auricularia  sambucina  and  mesenterica,  Exidia, 
IJlocolla,  Craterocolla,  Sebacina,  Tremella  metenterica  and  lutescem, 
Tomentella,  Exobasidinm,  Heterohasidium  [Polyponwi]  anno$um 
[Trametes  radieiperda],  Dacryomyces).  In  these  forms  the  basidio- 
gonidinm  gives  rise,  on  germination,  to  a  myoelinm,  sometimes 
small  and  nnbranched,  which  is  either  itself  the  simple  gonidio- 
phore,  or  bears  simple  gonidiophores,  on  which  gonidia  are  formed 
by  abstriction.  The  same  mycelium  may  subsequently  bear  the 
compound  gonidiophores ;  or  the  gonidia-bearing  form  may  repro- 
dnce  itself  throngh  saccessive  generations  until  at  length,  under 
appropriate  conditions,  the  form  bearing  the  compound  gonidio- 
phores occurs.  In  the  genus  Craterocolla,  the  simple  gonidio- 
phores are  collected  into  sori  developed  in  special  receptacles. 

The  gonidia  of  Tremella,  cultivated  in  nutrient  solution,  mul- 
tiply rapidly  by  budding,  producing  yeast-like  cells,  which  have 
not,  however,  the  power  of  exciting  alcoholic  fermentation. 

The  formation  of  unicellular  gemmsB  (see  p.  274),  is  of  common 
occurrence  in  the  Basidiomyoetes ;  either  in  the  form  of  chlamydo- 
gonidia  (e.g.  Nyctalis,  Oligoporus,  Fistulina),  or,  more  commonly 
(e.g,  Ulocolla,  Dacrtfomyces  deliqueBcens^  species  of  Coprinus,  Cla- 
varieoe,  Lenzites,  Pholiota,  Collybia,  Nyctalis,  Phlebia,  Polyporus, 
Cyathus,  etc.)  in  the  form  of  oidium-cells.  The  chlamydogonidia 
are  especially  developed  in  the  basidial  fractifications  of  the 
plants  in  which  they  occur :  the  oidium-cells  are  generally  de- 
veloped from  the  vegetative  mycelium,  either  the  whole  of  it  or 
individual  hyphae,  forming  sometimes  a  more  or  less  definite  fruc- 
tification {Dacryomyces  deliquescens).  In  some  Agaricinso  (e,g, 
Coprinus,  Clavarie®,  Stropharia  stercoraria,  Psathyrella,  etc.) 
the  oidium-cells  appear  to  be  incapable  of  germinating. 

Sclerotia  (see  p.  275)  are  known  in  some  cases.  The  mycelium 
(e.g.  Typhula  variabUis,  and  complanata,  Coprinus  stercorariusj 
Tnlostoma)  produces  sclerotia  as  an  antecedent  to  the  formation 
of  the  compound  gonidiophores  ;  the  sclerotia  become  quite  free 
from  the  mycelium,  and  may  be  kept  for  months  without  losing 
their  vitality.     On  germination  each  sclerotium  gives  rise  to  one 
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or  more  componnd  gonidiophores.  The  mosfc  remarkable  sclerotia 
are  those  of  Jgaricus  melleuf,  a  Fangus  which  is  very  destractive 
to  timber.  The  mycelium  gives  rise  to  dark-colonred  compact 
strands  of  hyph®,  of  the  psendo-parenchymatons  strnctnre  char- 
acteristic of  sclerotia ;  bat  they  are  peculiar  in  possessing  con- 
tinned  apical  growth,  and  by  this  means  they  soon  become  long 
filaments,  known  as  Bhizomorpha.  It  is  in  this  way  that  the 
Fungns  spreads  from  tree  to  tree :  the  Bhizomorphar filaments 
grow  nndergroand  from  the  roots  of  an  infected  tree  to  those  of 
a  healthy  tree  (usually  a  Conifer)  ;  it  penetrates  into  them  and 
spreads  in  the  tissues  external  to  the  wood  io  the  form  of  a 
white  fan-shaped  mycelium.  The  compound  gonidiophores  (Agar^ 
ictt$  melleus)  are  borne  either  on  the  subterranean  Bhizomorpha- 
filaments,  or  on  the  parasitic  mycelium ;  in  either  case  the  goni- 
diophores come  to  the  surface. 

The  homologies  of  the  reproductive  organs  of  the  Basidiomy- 
cetes  are  not  difficult  to  trace.  The  development  of  the  basidio- 
gonidia  on  the  basidia,  more  especially  in  the  Protobasidiomycetes, 
recalls  the  germination  of  the  teleutogonidia  and  resting-gonidia 
of  the  Uredinere  and  UstilaginesB  respectively ;  of  those  TJredineaB 
in  particular  (Leptouromyces,  Leptopuccinia)  in  which  the  teleu- 
togonidia germinate  without  having  fallen  off  the  plant  bearing 
them  (compare  Fig.  217  with  Fig.  220),  the  sterigmata  being  all 
-that  remains  of  the  promycelium.  A  mushroom  is,  then,  a  com- 
pound gonidiophore  producing  basidia  (or  teleutogonidia)  which 
germinate,  without  falling  ofP,  and  give  rise  to  basidiogonidia 
(or  sporidia).  The  gonidia  developed  on  the  simple  gonidiophores 
(when  present)  of  the  Basidiomycetes  may  be  compared  with  the 
similar  gonidia  of  the  Ustilagine»,  and  with  the  uredogonidia  of 
the  IJredineffi.  These  homologies  may  be  comprehensively  indi- 
cated in  a  tabular  form  : — 

Oametophyte,  SporolphyU. 


Uredinesa.  uredogonidium  teleutogonidium  sporidiam         fecidium  with 

UstilagineflB       gonidinm  resting-gonidiom  sporidiam  [spores. 

Basidiomycetes  gonidiom  basidium  basidiogonidiom 

It  will  be  seen  that  in  neither  the  Ustilagine»  nor  the  Basidio- 
mycetes is  there  any  organ  to  correspond  with  the  (ecidium  of  the 
Uredine». 

The  foregoing  table  also  indicates  the  nature  of  the  life-history 
of  the  Basidiomycetes.     As  in  the  Ustilaginese,  so  in  the  Basidio- 
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mycetes,  the  sporophyte  is  entirely  unrepresented  in  consequence 
of  the  complete  disappearance  not  only  of  the  sexnal  organs  of 
the  gametophyte,  but  of  any  representative  of  the  product  of  a 
sexnal  process.  The  yarions  forms  occurring  in  the  life-history 
of  any  Basidiomycete  belong  to  the  gametophyte;  these  forms 
are,  however,  less  distinct  from  each  other  than  are  the  corre- 
sponding forms  of  the  ^cidiomycetes,  so  that  the  life-history  is 
here  more  concise. 

The  Basidiomyoetes  are  dassifled  as  follows  :— 

Series  L  Pbotobabidiomtocteb  :  basidia  multioellnlar,  four-celled,  each  cell 
bearing  a  gouidinm  ;  simple  gonidiophores  generally  present. 

Fam.  1.  Pilaerea.  The  septa  in  the  basidia  are  transverse;  the  compound 
gonidiophore  is  differentiated  into  stipe  and  pilens,  and  is  angiocarpous,  the 
hymenium,  which  is  on  the  upper  surface  of  the  pileus,  being  covered  by  a 
membrane  (velum)  which  eventually  decays ;  each  cell  of  the  basidium  pro- 
duces a  single  gonidium. 

The  family  includes  the  genus  Pilacre,  with  the  two  species  P.  faginea  (on 
Beech),  and  P.  Peter$ii  (on  Hornbeam). 

Fam.  2.  Auriculariea,  The  septa  in  the  basidia  are  transverse ;  the  com- 
pound gonidiophore,  not  differentiated  into  stipe  and  pileus,  is  gymnocarpous ; 
the  hymenium  is  irregularly  folded  and  is  gelatinous  when  wet ;  each  cell  of 
the  basidium  bears  a  single  gonidium  on  a  sterigma. 

The  family  includes  the  genus  Auricularia,  growing  on  the  stems  of  trees. 

Fam.  3.  Tremellinem,  The  septa  in  the  basidia  are  longitudinal ;  the  com- 
pound gonidiophore,  not  differentiated  into  stipe  and  pileus,  is  gymnocarpous ; 
the  hymenium  is  irregularly  folded  and  generally  gelatinous ;  each  cell  of  the 
basidium  bears  a  gonidium  on  a  terminal  sterigma  (Fig.  220). 

The  family  includes  the  genera  Ezidia,  Tremella,  Craterocolla,  Sebaoina, 
and  Gyrocephalns,  growing  on  decaying  wood,  tree-trunks,  etc. 

Series  n.  Autobasidioictobtks.  Basidia  unicellular ;  simple  gonidiophores 
in  some  forms. 

Order  1.  Hymenomycetes.  Compound  gonidiophore  gymnocarpous,  or 
hemi-angiocarpous,  or  rarely  angiocarpous ;  in  any  case  the  hymenium  is  ex- 
posed before  the  maturity  of  the  basidiogonidia ;  each  basidium  bears  2-6 
(usually  4)  apical  sterigmata  each  of  which  bears  a  gonidium. 

Fam.  1.  Daerynmycetes.  Basidia  elongated,  with  two  sterigmata ;  compound 
gonidiophores  sometimes  gelatinous,  gymnocarpous,  presenting  in  some  forms 
{e.g,  Dacryomitra)  rudimentary  differentiation  into  stipe  and  pileus,  sometimes 
branched  {e.g.  Calocera). 

The  family  indades  the  genera  Dacryomyces,  Guepinia  (with  a  cup-like 
gonidiophore  resembling  the  apothecium  of  Pezivsa),  Dacryomitra,  and  Calocera 
the  gonidiophore  of  which  resembles  that  of  the  Clavariesa. 

Fam.  2.  Clavariea.  The  compound  gonidiophore  is  fleshy  and  gymnocarpous, 
either  uubranched  (e.g.  Pistillaria),  or  branched,  cylindrical  (e.g.  Clavaria,  Fig. 
221),  or  flattened  and  expanded  (e.g.  Sparassis),  not  differentiated  into  stipe 
and  pileus ;  the  hymenium  covers  the  whole  surface  of  the  gonidiophore,  or  is 
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limited  to  the  upper  part  {e.p.  Typhnla) ;  the  basidiam  has  sometimes  only 
two  Bterigmata  {e.g.  Pistillaria,  Typhala). 

Fam.  8.  Thelephorea.  In  the  lowest  forms  there  is  no  compnnnd  gonidiophore 
bnt  merely  a  hymenial  layer  {e.ff,  Ezobasidiam) ;  in  others  the  gouidiophore  is 
gymnocarpons,  forming  an  incrastation  on  the  snbstratam,  and  bearing  the 
hymeninm  on  its  upper  sorfaoe  {^,g,  Goniophora,  Hypoohnus,  Corticiam) ;  in  the 
high  forms  {e.g,  Thelephora,  Sterenm,  Cyphella,  Craterellns),  the  gonidiophore, 
of  various  form,  branched  or  unbranohed,  bears  the  hymenial  layer  on  its 
under  surface ;  the  hymenophore  is  smooth,  with  projections  or  pits. 

Fam.  4.  Hydnea,  In  the  lower  forms  the  compound  gonidiophore  forms  an 
incrustation  on  the  substratum,  with  the  hymenium  on  the  upper  surface  («.p. 
Odontia,  Grandinia) ;  in  the  higher  forms  (e.g,  Sistotrema,  species  of  Hydnum) ; 
the  hymenium  is  boroe  on  the  under  surface  of  the  gonidiophore,  which  is,  in 


Fie.  221.— ii  P&rt  of  componnd  f^onidiopbore  of  ClanaWa  /lava  (daI.  sice).  B  Oompound 
gronidiopbore  of  Hydntim  tmbrtcatum  :  at  the  spiny  projections  of  tbe  hymenophore;  t 
scalen  on  upper  narrace  of  pileus  {\  n&t.  size).  C  Lonifitadinal  section  of  the  oompoand 
f^nidiophore  of  a  Polypoms:  p  tabes  of  the  hymenophore,  lined  by  the  hymeniam, 
appearing  on  the  nnder  sarface  as  pores. 

some  oases,  differentiated  into  stipe  and  pileus ;  in  all  cases  the  hymenophore 
bears  a  number  of  spinous  projections  over  which  the  hymenium  extends  (Fig. 
221  B),  and  is  gymnocarpoos. 

Fam.  6.  Poljfporea,  The  compound  gonidiophore  may  be  a  flattened  expan- 
sion with  the  hymenium  on  the  upper  surface  {e.g,  Porothelium) ;  or  semi- 
circular, and  attached  laterally,  with  the  hymenium  on  the  under  surface  {e.g, 
Merulins,  Diedalea,  species  of  Polypoms,  Fig.  221  C);  or  differentiated  into 
stipe  and  pileus  with  the  hymenium  on  the  under  surface  {e.g.  Boletus) ;  the 
hymenophore  is  indented  with  pits  or  tubes,  which  are  lined  by  the  hymenium. 
The  gonidiophore  is  generally  gymnocarpous,  but  there  is  a  velum  partiale  in 
some  forms  {e.g.  Boletus  venipellUt  viicidut,  Jloccopue,  Polyporus  volvatvs). 
The  Dry  Bot  of  timber  is  caused  by  members  of  this  family. 

Fam.  6.    AgaricituB,    The  compound  gonidiophore  is  a  pileus,  with  or  without 
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a  stipe ;  it  bears  on  its  aader  surface  (rarely  on  its  upper  surface)  a  lamellatel 
hymenophore  (see  Fig.  319)  ;  the  gonidiophore  may  be  gymnooarpoas ;  or 
hemiangiocarpous  having  a  velum  partiale  {e.g.  Gortinarius  where  the  yelum 
is  like  a  spider's  web ;  the  sub-genus  Psalliota  of  the  genus  Agaricus,  including 
A.  eampeitris,  the  common  Mushroom,  etc.) ;  or  angiocarpous,  having  a  velum 
univenale  (e.g,  the  sub-genera  Yolvaria,  Lepiota,  and  Amanita  of  the  genus 
Agiricus ;  Nyctalis,  Goprinus,  etc.) ;  in  some  species  of  Amanita  there  is  both 
a  velum  universale  and  a  velum  partiale. 

The  great  genus  Agaricus  is  subdivided  into  a  number  of  sub-genera  belong- 
ing to  various  groups  distinguished  by  the  colour  of   their  basidiogonidia. 

Amongst  the  other  genera  Gopriuus  has  a  gonidiophore  which  very  soon  under- 
goes disintegration,  forming  a  black  shiny  fluid;  Lactarius  contains  milky 
juice  (latex).     In  Gantharellus  the  lamella  are  prolonged  down  the  stipe.     Of 

edible    species  the   fol- 
lowing may  be  named:         ■-»  -^p^v        r 

Cantharellui      cibariutj 

Lactarius     deliciosusj 

Agaricus  campestris,  the 

Mushroom,  A,   procerus 

distinguished  by  a  mov- 
able ring,  and  A.  ccBsa- 

reus :    the    poisonous 

species    are     Lactarius 

torminosus  and  Agaricus 

{Amanita)  muscarius. 
Whilst  the  compound 

gonidiophore  is  generally 

fleshy,  in  some  genera  it 

U  of  a  hard  or  leathery 

consistence;    these  live 

commonly  on  old  wood ; 

such  are  Panus,  with  a 

small  pilens  mounted  on 

an  eccentric  stipe  ;  Len- 

zites,  where  the  pileus 

is  lateral    and    sessile; 

Marasmius,  the  elegant 

pilei  of  which  are  often  seen  on  the  leaves  of  Gonifers  which  have  fallen  off. 

Order  2.    Qasteromycetes.    Angiocarpous ;  the  hymenium  is  either  not  ex- 
posed at  all,  or  ouly  after  .the  basidiogonidia  are  mature,  by  the  dehiscence  or 

rupture  of  the  peridium.    The  number  of  gonidia  borue  by  a  basidium  varies 

from  1-8 ;  the  sterigmata  are  apical,  except  in  the  genus  Tulostoma,  where  they 

are  lateral.    The  hymenophore  ia  here  a  more  or  less  distinct  organ,  and  is 

termed  the  gUba, 
Fam.  1.    HymenogastrecB.    The  compound  gonidiophore  is  subterranean.    It 

consists  of  a  thick  indehisoent  peridium,  filled  with  a  spongy  persistent  gleba, 

the  chambers  of  which  are  lined  by  the  hymenium  (Fig.  22:4  A), 
Principal   genera:  Hymenogaster,   Octaviana,    Bhizopogon,    Melanogaster, 

Hysterangium,  Hydnangium. 


Fxe.  m,—A  Section  of  young  compound  gonidiophore  of 
Agarictu  {Amanita)  vaginatu* :  v  the  velum  universale ; 
«t  the  stipe;  h  the  pileus;  I  the  lamella}  B  the  same 
somewhat  older;  the  velum  v  is  raptured.  C  Agaricus 
vulUut :  m  the  mycelium  (Bhizomorpha) ;  in  the  smaller 
specimen  to  tlvs  right  the  hymenophore  is  still  covered 
by  the  velum  partiale  a ;  in  the  larger  specimen  the  velum 
is  almost  completely  ruptured,  and  remains  attached  to  the 
stipe  as  the  ring,  a.  (1  nat.  size.) 
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Fio.  22:<.— Part  of  the  bymeninm  of  JBuetula  rubra :  sh  sab- 
liymenial  layer;  bbasidiam;  •  sterigmu;  »p  ba8idiogi)nidia ; 
pparapbyBcs;  o  a  cystidimn.    (xMO:  after  Strasbai^g^.) 


Fam.  3.     ScUrodermea,    Tbe  structare  of  the  oompound  gonidiophore  is 
essentially  the  same  as  that  of  the  preceding  family,  but  it  is  not  subter- 
ranean. 

Principal  genera : 
Scleroderma,  Polysac- 
cam. 

Fam.  3.  Nidulariea. 
The  peridinm  is  dehis- 
cent at  the  apex.  The 
tramal  tissue  of  the  gleba 
imdergoes  mncilaginoos 
degeneration  and  dis- 
appears, leaving  the  by- 
menium-bearing  cham- 
bers as  closed  indehis- 
cent  vesicles  (peridiolu), 
either  lying  free  (Kida- 
laria)  in  tbe  vase -shaped 
peridium,  or  loosely 
attached  to  its  inner 
surface  by  strands  {fuui- 
euli)  of  byphffi  (CyathuR, 
Cruoibulum,  Fig.  224 
CD). 

Fam.  4.  Lyeoperdea.  The  peridium  is  generally  dehiscent,  differentiated 
into  two  or  more  layers,  constituting  two  distinct  membranes — the  exoptridium 
and  the  endoperidium.  The  tissue  of  the- gleba  constitutes,  at  the  maturity  of 
the  spores,  a  powdery  mass,  including,  in  most  genera  (except  Calostoma, 
SpbaBrobolus)  hyphal  filaments  forming  a  capillitum  (Fig.  224  B), 

The  mode  of  dehiscence  presents  variations  in  the  different  genera.  Thus 
in  Bovista  and 
Lycoperdon  (Puff- 
Balis)  the  exoperi- 
dium  becomes  dry 
and  breaks  up  into 
fragments,  whilst 
the  endoperidium 
dehisces  forming  a 
small  apical  aper- 
ture through  which 
the  basidiogonidia 
escape. 

In  Geaster  (Star 
Puff-Bail)  the  ex- 
operidium  splits  at 
the  apex  into  several 
pointed  segments 
which    bend    con- 


A. 


Fie.  224.— ii  Compoond  iconidiopbore  of  Bbisopogon  in  section 
(nat.  sixe) :  fc  tbe  bymenial  obambers.  hi  Capillitial  filameut  of 
Lycoperdon  (macb  mag.).  0  and  D  Compoond  gonidiopbore  of 
Cyatfciu  $Matut  fnat.  8ize)t  C  entire,  sbowing  tbe  isolated  by- 
menial  obambers  (peridiola) :  D  in  longitudinal  section  ;  p  peri- 
diolom;  h  bymeniomj  /  fnnicnlus,  attaching  tbe  peridiolnm  to 
tbe  peridium. 
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reilj  outwards,  bearing  the  endoperidium  oeatrally,  either  with  or  without  a 
stalk,  on  the  convex  surface;  the  endoperidium,  which  encloses  the  gleba, 
dehisces  with  a  small  apical  aperture. 

In  Tulostoma  and  Battarea  the  tissue  within  the  peridium  undergoes  differ- 
entiation into  a  gleba  and  a  stipe.  When  the  spores  are  mature,  the  stipe 
elongates,  rupturing  the  ezoperidium,  and  carries  up  the  gleba,  enclosed  in  the 
endoperidimn,  at  its  apex  with  a  portion  of  the  exoperidium ;  the  rest  of  the 
exoperidium  remains  as  a  volva.  round  the  base  of  the  stipe.  In  Tulostoma  the 
endoperidium  dehisces  at  the  apex  forming  a  small  aperture ;  in  Battarea  the 
endoperidium  covering  the  under  surface  of  the  discoid  gleba  decays. 

Fam.  5.  Phalloidea,  The  peridium  is  dehiscent,  and  the  gleba  becomes 
mucilagiuous. 

In  the  genus  Ithjphallns  {e,g.  PhalUts  impudieiu)  the  peridium  consists  of 
three  layers,  of  which  the  innermost  and  outermost  are  thin  and  firm,  whilst 
the  intermediate  layer  is  bulky  and 
mucilaginous.  The  internal  tissue 
is  differentiated  into  a  gleba  and  a 
stipe.  When  the  basidiogonidia 
are  mature,  the  stipe  elongates 
suddenly,  ruptures  the  peridium  at 
the  apex,  and  carries  up  the  gleba, 
which  is  now  mucilaginous.  The 
elongated  stipe  is  hollow  and  per- 
forated  at  the  apex ;  the  upper 
portion  of  the  stipe  bears  a  thick 
membrane  attached  at  the  apex, 
with  a  reticulated  surface,  the  re- 
mains of  the  gleba.  The  ruptured 
peridium  remaTns  as  a  volva  round 
the  base  of  the  stipe. 

In  the  genus  Clathrus  the  peri- 
dium is  differentiated,  as  in  Ithy-  ^^^  KS.-Section  ot  compound  Konldiophore 
phallus,  into  three  layers,  the  of  Phallui  imyudieyu  .-  §t  stipe ;  md  endoperi- 
mucilaginous  intermediate  layer  diom ;  §x  «zoperidiam ;  in  intermediate  maci* 
being  traversed  by  anastomosing  la«inou8  layer;  y  gleba.  (Reduced:  after 
plates  of  tissue,  which  connect  the  '^ 

internal  and  external  layers.  From  the  internal  layer  of  the  peridium  a  oapil- 
litium  is  formed  (something  like  that  of  some  of  the  Myxomycetes,  but  much 
stouter,  see  Fig.  198),  which  surrounds  the  central  gleba.  The  gleba  is  con- 
nected with  the  base  of  the  peridium  by  a  mass  of  cartilaginous  tissue.  Before 
expansion  the  whole  gonidiopbore  has  a  somewhat  spherical  form.  When  the 
spores  are  mature,  the  capillitium  expands,  rupturing  the  peridium  at  the  apex, 
alid  lif^thegleba  in  its  interior  out  of  the  peridium,  which  remains  round  the 
base  as  avolva.    The  gleba  undergoes  mucilaginous  degeneration. 

Subsidiary  Group.  Lichenes.  A  Lichen  consists  of  a  Fungus  and  an  Alga; 
or  more' than  one,  living  in  intimate  connexion,  and  both  contributing  to  their 
mutual  welfare— that  is,  symbiotically  (see  p.  273). 

The  Lichen-Fungus  has  always  a  mycelioid  body,  and  is  the  constituent  of 
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the  Lichen  which  bears  the  reproductive  organs.  From  the  nature  of  these 
organs  the  Lichen-Fungi  have  been  found  to  belong  chiefly  to  the  discomyce- 
tons  and  pyrenomycetous  Ascomycetes,  but  a  few  are  basidiomycetous,  belong- 
ing to  the  orders  Hymenomycetes  and  Gasteromycetes.    The  Lichens  may  be 

classified  as  follows,  according 
to  the  nature  of  the  Fungus. 

I.  Ascoliohenes    (Asoomyce- 
tous  Lichens). 

1.  Discolichenes  (Discomy- 

cetous  Lichens),  e.g. 
Parmelia,  Collema, 
Usnea,  Peltigera, 
Stiota,  Cladonia,  etc., 
Lecidea,  Graphis. 

2.  Pyrenolichenes     (Pyre- 

nomycetousLlohens), 
e.g,  Pertusaria,  Ephe- 
be,  Lichina,  Yerru- 
caria,  Endocarpon, 
etc. 

II.  Basidioliohenes  (Basidio- 
mycetous  Lichens). 
Lichens),    Ck)ra,   Dictyonema, 


Fie.  226.— Section  of  a  spermogoniam  of  i4na- 
ptyclita  ciltan't :  sp  the  aperture  at  the  saifaoe ; 
c  cortex,  and  m  medallary  portion,  of  the  thallns ; 
y  Uyer  of  algal  cells.    (After  Strasbarger.) 


1.  Hymenolichenes    (Hymenomyoetous 

Bhipidonema,  Laudatea. 
8.  Gasterolichenes  (Gasteromycetous  Lichens),  Emericella. 
The  reproductive  organs  of   the  Ascoliohenes   are    sterigmata,  producing 
spermatia,  contained  in  spermogonia  (Fig.  226) ;    archicarps  (in  the  order 
Collemaces),  differentiated  into  a  coiled  ascogonium  and  a  multicellular  pro- 
jecting  trichogyue ;    and  asoocarps,  which  are  either  apothecia   (discomyoe- 

tons)  or  perithecia  (pyrenomy- 
cetous) ;  the  archicarp,  appar- 
ently after  fertilisation  (see  p. 
298),  gives  rise  to  filaments 
which  form  the  hymenial  layer 
(consisting  of  asci  and  para- 
physes)  of  the  apothecium,  and 
outgrowths  from  the  adjacent 
vegetative  hyphsB  form  the  wall 
(escijmlum)  of  the  apothecium. 
In  the  fructification  of  the 
Basidioliohenes  there  is  a  hy- 
menial layer  consisting  of  para- 
physes  and  basidia,  the  latter 
bearing  apical  sterigmata,  on 
each  of  which  a  basidiogoni- 
dinm  is  produced  by  terminal 
abstriction. 
Lichens  are  also  reproduced 


Fie.  227.— il-D  Soredia  of  JJtMd  havhoia,  A  A 
simple  Boredium,  consisting  of  an  algal  cell  covered 
with  a  web  of  hyphsB.  B  A  soredium,  in  which  the 
algal  cell  has  maliiplied  by  divirion.  C  A  group 
of  simple  soredia,  resalting  from  the  penetration  of 
the  hyphsB  between  the  algal  cells.  D  H  Germin- 
ating  soredia :  the  hyphs  are  forming  a  growing- 
point,  and  the  algal  cells  are  multiplyiug.  (Alter 
Bacha.) 
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by  gemmsB,  termed  soredia,  whioh  consist  of  one  or  more  algal  cells  invested 
bj  hypbffi  ;  tbey  are  budded  off  from  the  surface  of  the  thallag,  and  grow  into 
new  plants  (Fig.  227). 

The  Lichen- Algae  belong  either  to  the  Cyanophycete  or  to  the  Chlorophyoen. 
In  the  following  list  the  principal  algal  forms  with  their  corresponding  Lichens 
are  enumerated. 

A.  Cyanophycese. 

ScytonemacexB  (Scy tonema,  Sirosiphon)    .    Ephebe,  Spilonema,  Polychidium, 

Bhipidonema,  Dictyonema, 
Heppia,  Porocyphus. 

BivulariaceaB     .    • Lichina,  Baooblenna. 

NostocacesB Collema,  Lempholemma,  Lepto- 

gium,  Peltigera,  Pannaria. 

ChroococcacesB •    •    •    .    •    Omphalaria,  Euchylium,  Phyllis- 

cium,  Cora. 

B.  Chlorophyceee. 

ProtococcaoesB  (Pleurococcus,  Cystococcus, 

etc.) Sticta,    Physcia,    Evemia,    Cla- 

donia,  Usnea,  Parmelia,  An- 
aptychia,  Endocarpon,  etc. 

Conferroidese  (Trentepohlla) Graphideae,  YerrucariesB. 

ColeocbffitacesB Opegrapha. 

The  algal  cells  or  filaments  may  be  distributed  throughout  the  thallus,  when 
it  is  said  to  be  homoiomerous  (Fig.  208) ;  this  is  usually  the  case  in  gelatinous 
Lichens  (such  as  the  CoUemaceae),  in  which  the  Alga  belongs  to  the  Cyauophyceaa, 
but  also  in  some  non-gelatinous  forms  in  which  the  Alga  belongs  to  the  Chloro- 
phyceaB  (such  as  Coenogonium,  Bacodium.  and  others,  in  whioh  the  Alga  is 
Trentepohlia) :  or  they  may  be  arranged  in  a 
definite  layer  near  the  surface  of  the  thallus, 
when  it  is  said  to  be  heUromerous  (Fig.  229), 
as  in  the  case  of  nearly  all  these  Lichens  of 
which  the  AlgflB  belong  to  the  Chlorophyceee, 
and  some  in  which  the  AlgsB  belong  to  the 
GyanophycesB  {e.g.  Peltigera,  Pannaria).    In 
some  heteromerous  forms  (e.g.  Thelidium), 
the  Algffi  are  quite  on  the  surface.    Occasion- 
ally {e.g.  Endocarpon)  algal  cells  are  present         Fxo.  228.— A  gelatinous  Lichen, 
in  the  hymenium.  CoW«mo  pvlposum,  slightly  magni- 

It  may  be  generally  stated  that  the  form  ^f  •  .^^J""  bomoiomeroa«,  and  the 
,  ^,      .i  ,,       .     ,  .   "^    .      ,  .      .,      ,  .  AlgaisNoBtoc.    (After  Sachs.) 

of  the  thallus  is  determmed  m  the  homoio- 

merous  Lichens  by  the  Alga,  in  the  heteromerous  Lichens  by  the  Fungus.    In 

the  latter  case  three  main  forms  are  distinguished  : — 

(a)  fruticose  Lichens,  in  which  the  thallus  grows  erect,  branching  in  a  shrub- 
like  manner.  Of  this  form  are  the  various  species  of  Usnea  (Fig.  230  A)^  and 
allied  genera  with  a  cylindrical  thallus,  which  grow  on  trees :  Roccella  tine- 
tiiria  grows  on  rocks  in  regions  bordering  on  the  Mediterranean ;  from  it  and 

V.  S.  B.  T 


Digitized  by 


Google 


322 


PART  III. — THE   CLASSinCATION   OF   PLANTS. 


S 


other  allied  Liobens  litmus  is  prepared  :  Bamalina  and  Evernia,  with  a  ribbon 
shaped  flattened  thallus,  occur  on  trees  and  wooden  fences :  Cetraria  islandica 
is  the  Iceland  Moss,  which  forms  a  mucilaginous  fluid  when  boiled  with  water  : 
4nnptychia  ciliariSt  which  resembles  the  foliaceous  Lichens,  with  a  flattened 
thallus,  is  common  on  the  trunks  of  trees :  Gladonia  has  a  scaly  decumbent 
thallus,  from  which  erect  branches  spring  bearing  the  apothecia;  Cladonia 
fimhriata  is  common;  Cladonia  rangiferina^  the  Beindeer  Moss,  occurs  on 
moors:  Sphserophorus  has  the  same  external  appearance,  but  it  is  pyreno- 
carpous. 

(6)  foliaceous  Lichens^  in  which  the  thallus  is  flattened  and  adheres  to  the 

substratum:  the  green  (rarely  bluish-green)  algal  cells  form  a  single  layer 

beneath  the  upper  surface  (Fig.  229).  ■  The  margin  of  the  thallus  is  usually 

lobed. 

Parmclia  parietina  occurs,  with  its  bright  yellow  thallus  bearing  apothecia, 

on  tree-trunks  and  walls,  to- 
gether with  other  species  of 
^  a  grey  colour ;  Sticta  pulmon- 

acta  (Fig.  230  B)  has  a  reti- 
culated yellowish  thallus,  and 
grows  on  tree-trunks:  Pelti- 
gera  is  represented  by  several 
species  which  grow  on  mossy 
banks  in  woods;  the  apothecia 
are  borne  on  the  margin  of 
the  lobes  of  the  thallus :  Um- 
bilicaria  and  Gyrophora,  of  a 
dark  colour,  grow  on  silicious 
rocks :  Endocarpon  has  a 
grey  thallus  with  numerous 
small  perithecia.which  appear 
as  black  dots ;  it  grows  on 
rocks. 

(c)  cnutaceotu  LicJiefw,  in 
which  the  thallus  is  usually 
indefinite  in  outline,  and  can 
often  be  scarcely  disttnguishod 
from  the  substratum,  the 
fructification  alone  being  con* 
spionous. 

The  Lichens  of  this  form 
are  extremely  numerous. 
Among  them  may  be  men- 
tioned the  LecanoresB,  of 
which  Lecanqra  mbfutca  occurs  on  the  trunks  of  trees  :  the  Lecldeaoefs,  whidi 
occur  mainly  on  earth  and  rooks,  Lecidea  geographical  forming  bright  yellow 
incrustations  of  considerable  extent  on  silicious  rocks  :  the  Qraphideffi,  of  which 
Graphis  $cripta  is  common  on  the  trunks  of  Beeches  and  other  trees:  the 
small  Oalicieie,  which  are  common  on  wooden  fences :  the  Bfeomycee,  of  which 


Fi&.  229.— Transverse  section  of  the  heteromerons 
thallasof  Sticta  fuliginota  (x  500).  o  Oortez  of  the 
upper  surface ;  u  onder  surface ;  m  network  of 
hyphsB  forming  the  medullary  layer;  g  algal  cells; 
r  root-like  outgrowths  (rhisines)  of  the  under  surface. 
(After  Sachs.) 
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Fio.  2'Vi.^A  A  fraticose   Lichen,  Utn«o  larhata,  with  apothecin,  a. 
Lichen,  Slictx  pulmonae^a,  with  apotheois,  a  (nat.  size).    (After  Sacbs.) 


B  A  foliaceoua 


Baomyces  rufiis  is  common  on 
sandy  soil :  the  Verrucurieae,  the 
PertusariesB,  etc. 

Many  species  of  crnstaoeous 
Lichens  inhabit  the  highest 
peaks  of  the  Alps,  and  other 
lofty  mountains,  on  which  there 
is  no  other  vegetation,  and  they 
contribute  materially  to  the  wea- 
tliering  of  the  rocks  and  to  ilie 
formation  of  a  vegetable  soil. 
When  they  grow  on  the  trunks  of 
trees,  they  occur  more  especially 
upon  those  which  have  a  smooth 
surface  ;  the  formation  of  a  rough 
bark  seems  to  interfere  with  their 
growth.  Lichens  may  become 
completely  dried  up  without  los- 
ing their  vitality. 


Fio.  231.— Cmstaceons  Lichens.  A  and  B 
Oraphi*  eUgatu:  li  Klightly  magnified.  C  Per- 
tuMrta  Wulfeni,  slightly  magnified.  (After 
Bacbs.) 
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GROUP  11. 
BBYOPHYTA   (Mu8cine»). 

The  plants  forming  this  group,  that  is  the  Liverworts  (Hepa- 
ticfi9)  and  the  Mosses  (Musci),  are  characterised  by  the  following 
distinctive  features.  Their  life-historj  presents  a  regular  and  well- 
marked  alternation  of  generations :  the  gametophyte  is  the  more 
conspicuous  form,  constituting  "the  plant,"  and  does  not  possess 
the  power  of  reproducing  itself  asexually  by  gonidia,  -which  is  so 
common  among  the  Thallophy ta :  the  sporophy te  is  a  sporogonium, 
presenting  indications  of  differentiation  into  root  and  shoot,  but 
not  of  the  shoot  into  stem  and  leaves ;  it  never  becomes  an  inde- 
pendent individual,  but  remains  attached  to  the  gametophyte, 
from  which  it  derives  much  of  its  nutriment.  In  some  of  the 
Mosses  thei'e  is  an  indication,  in  both  the  sporophy  te  and  the 
gametophyte,  of  a  differentiation  of  vascular  tissue. 

The  Gametophyte  is  heteroblastic  (see  p.  14)  in  its  development. 
The  germinating  spore  does  not  at  once  give  rise  to  what  is  known 
as  the  "  Moss-plant,"  but  produces  an  embryonic  body,  the  proto- 
nema,  which  consists  generally  of  a  branched  filament,  but  occasion, 
ally  of  a  flat  layer,  of  cells  which  contain  numerous  chloroplastids. 
The  protonema  is  generally  inconspicuous  and  short-lived  in  the 
HepaticsB,  whilst  in  the  Musci  it  is  more  amply  developed  and  may, 
either  wholly  or  in  part,  persist  from  year  to  year. 

The  "  Moss-plant  "  is  the  adult  sexual  form.  It  does  not  possess 
any  true  roots,  but  is  attached  to  the  soil  either  by  unicellular 
root-hairs  (Hepaticce),  or  by  multicellular  pro tonematoid  filaments 
termed  rhizoids  (Musci).  The  body  of  the  "  Moss-plant  "  is  essen- 
tially a  shoot,  which  is  highly  developed  and  specialised  in  con- 
nexion with  the  functions  which  it  performs — the  development  of 
the  sexual  reproductive  organs  and,  in  the  case  of  the  shoots 
bearing  female  reproductive  organs,  the  nourishment  of  the  at- 
tached sporophyte  developed  in  consequence  of  fertilisation.  The 
adult  shoot  arises  as  a  lateral  (rarely  terminal)  bud  on  the  proto- 
nema :  the  protonema  may  give  rise  to  a  single  shoot  (Hepaticoe) 
or  to  several  (generally  in  Musci).  In  the  latter  cases,  the  adult 
shoots  may  become  distinct  "  plants  "  by  the  complete  or  partial 
dying  away  of  the  protonema.  The  symmetry  of  the  shoot  is, 
almost  uniformly,  dorsiventral  in  the  Hepatic89  and  radial  in  the 
Musci.      It   is  either  thalloid,  as   in   most   Hepaticse;    or  it  is 
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differentiated  into   stem   and   leaf,   as   in    the   higher   HepaticsB 
(foliose  Jungermanniacece)  and  in  the  Musci. 

The  sexual  organs  are  borne  on  the  adult  shoot,  and  are  an- 
theridia  and  archegonia.  They  are  rarely  borne  singly  or  scat- 
tered, but  more  commonly  in  groups  (sori)  surrounded  by  some 
kind  of  protective  investment  to  which  the  general  term  involucre 
may  be  applied.  In  some  cases  the  portion  of  the  shoot  which 
immediately  bears  the  sexual  organs  is  more  or  less  specialised  as 
a  receptacle,  and  in  others  special  reproductive  branches,  gameto- 
pkores,  are  differentiated,  and  may  be  either  antheridiophores  or 
archegoniophores.  In  the  lower  Hepaticee  the  sexual  organs  are 
generally  borne  on  the  upper  (dorsal)  surface  of  the  shoot,  whilst 


Fio.  232.— Funaria  hygromct-ica  (Moss).  A  Germinating  spores :  ie  rhtKoid  ;  s  exosporc. 
B  Part  of  a  protonema,  about  tbree  weeks  after  the  germirtation  of  the  spore :  h  a  pro- 
cambent  primary  shoot  with  brown  wall  and  oblique  septa,  out  of  which  arise  \he 
ascending  branches  with  limited  growth :  K  rudiment  of  a  leaf-bearing  axis  with  rhizoid 
(«D).    (it  X  550 :  B  about  90.) 

in  the  higher  Hepatic89  (JungermanniacesB  acrogynse)  and  in  the 
Mosses  they  are  borne  at  the  apex. 

The  distribution  of  the  sexual  organs  is  various :  the  male  and 
female  organs  may  be  borne  on  distinct  shoots,  when  they  are 
dicscious ;  or  on  different  branches  of  the  same  shoot,  when  they 
are  TnonoBcious  but  diclinous ;  or  together  in  the  same  sorus,  when 
they  are  monoclinous.  In  Mosses  it  appears  to  be  the  rule,  in 
dioecious  forms,  that  a  protonema  always  bears  both  male  and 
female  shoots. 
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Fio.  233.— Fitnaria  \ygrom4t' 
rica  (Mom).  A  An  antberidium 
Wanting :  a  the  vpermaUnoids 
(x  360).  B  Spermatosoids 
( X  80O) ;  h  in  the  mother-cell ; 
0  free  spermatozoid  of  Poly- 
trichmn. 


Fio.  234.— vi  Antheridiom  of  Ma%ehant%a  polymorpha  (Liver, 
wort)  in  optical  longitadinal  section:  p  paraphyses  (x  90). 
B  SpermatOEoids  ( X  600) :  (after  Strasbarger). 


The  sexual  organs  are  always  malti- 
CftUalar.  The  antheridlum  (Figs.  233, 
234)  is  a  capsule  of  various  shape,  hav- 
ing a  longer  or  shorter  stalk ;  its  wall 
consists  of  a  single  layer  of  cells  which 
contain  chloroplastids  when  young ;  in- 
ternally it  consists  of  very  numerous 
small  cells,  each  of  which  eventually 
gives  rise  to  a  single  spermatozoid. 

The  spermatozoid  is  a  cell,  consisting  of 
a  naked  filament  of  protoplasm,  spirally 
twisted,  thickened  at  the  posterior  end 
where  lies  the  nucleus,  tapering  at  the 
anterior  end  where  it  terminates  in  two 
long  cilia  by  means  of  which  it  swims 
(see  p.  1 16) ;  the  spermatozoids  ai*e  set 
free  by  the  rupture  of  the  antheridial 
wall,  which  usually  takes  place  at  the 
apex  of  the  antheridium. 

The  archegoiiium  is  flask-shaped  and 
shortly  stalked  (Figs.  235,  236)  ;  it  con- 
sists of  a  slightly  dilated  basal  portion, 
the  venter,  and  of  a  long  slender  neck. 
The  axis  of  the  archegonium,  when 
young,  is  occupied  by  a  central  row  of 
cells  ;  the  basal  cell  of  this  row,  lying  in 
the  venter,  is  the 
central  cell  of  the 
archegonium  ;  it 
grows  consider- 
ably, and  event- 
ually divides  into 
two  unequal  parts, 
an  upper  and 
smaller,  the  ventral 
canal' cellf  and  a 
lower  and  larger 
which  is  the  female 
reproductive  cell 
or  oosphere:  the 
upper  cells  of  the 
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central  row  constitute  the  neck-canaUcells.     At  maturity  the  ter. 
minal  cells,  lid-celU,  of  the  neck  separate;    the  neck-canal- cells 
and  the  ventral  canal-cell  become  mncilaginons  and  disorganised, 
80  that  the  oosphere  is  placed  in  commanication  with  the  exterior 
hj  the  canal   of  the  neck.     Fertilisation  takes   place  when   the 
plants  are  more  or  less  covered   with  water  from  rain  or  dew. 
Then  the  antheridia  dehisce,  the  spermatozoids  are  set  free,  and, 
since  the  male  and  female  orc^ans  are  at  no  great  distance,  thej, 
swimming     by 
means     of     their 
cilia,    come    into 
the  neighbour- 
hood of  the  arche- 
gonia  ;    they  are 
attracted  to  enter 
the     necks    of 
archegonia  by 
the  escaping  mu- 
cilage formed  by 
the     disorganisa- 
tion of  the  canal- 
cells,  which  con- 
t-ains  an  organic 
acid    which    has 
been  shown  to  be 
especially  attrac- 
tive to  spermato- 
zoids.    One   of 
the       entering 
spermatozoids 
travels  down  the 
canal    to    t'he 
oosphere,    which 
it  penetrates,  the 
nacleus     of     the 
spermatozoid  fusing  with  that  of  the  oosphere.     Fertilisation  is 
now  complete ;  the  fertilised  oosphere  sun-ounds  itself  with  a  cell- 
wall  and  becomes   the   oospore,  which  begins  to  divide  and  to 
develope  into  the  sporophyte. 

The  effect  of  fertilisation  is  not  confined  to  the  oosphere.     Tho 
adjacent  tissue  of  the  shoot  is  stimulated  to  growth,  and  in  somo 


Fie.  235.— Iforohonfia  polymorpha,  A  Young ;  B  mature,  but 
unfertilised,  arohegouium.  0  Fertilised  archegonium,  with 
dividing  ooeporo.  k'  Neok-oanal-cellB ;  W  ventral  canal-oell ; 
0  oosphere;  pr  perigynium.    (xMO:  after  Strasburger.) 
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forms  (Sphagnaceae,  AndresBaceaB)  it  grows  out  into  a  long  leafless 
stalk,  the  pseudopodium,  which  carries  up  the  fertilised  arche- 
gonium  on  its  apex.  The  venter  of  the  archegonium  also  grows, 
forming,  either  by  itself  or  together  with  the  adjacent  tissue  of 
the  shoot  (as  commonly  in  the  HepaticaB),  an  investment,  termed 
the  calyptray  which  surrounds  the  developing  embryo  within  and, 

for  a  longer  or  shorter  time,  keeps 
^  pace  with  its  growth. 

The  gametophyte,  though  it  can- 
not produce  gonidia,  has  a  re- 
markable power,  especially  in  the 
Miisci,of  reproducing  itself  vegeta- 
tively.  This  is  effected  frequently 
by  the  gemmce,  formed  from  va- 
.  rious  parts  of  the  body :  the 
leaves,  for  instance,  in  the  foliose 
Hepatic88 ;  or  in  distinct  recep- 
tacles termed  cupules,  as  in  the 
MarchantieaB  and  some  Musci. 
The  geraraSB  are  either  unicellular 
or  multicellular,  and,  in  the  latter 
case,  may  be  either  spherical  or 
flattened  in  form.  In  the  branched 
forms  vegetative  propagation  is 
effected  by  the  dying  away  of 
the  main  shoot  or  of  the  larger 
branches,  the  slnaller  branches 
becoming  isolated  and  constitut- 
ing independent  plants.  In  the 
Musci  almost  any  part  is  capable, 
under  favourable  conditions,  of 
growing  out  into  protonemal  fila- 
ments on  which  new  adult  shoots 
are  developed. 

With  regard  to  the  histology  of 
the  adult  shoot,  it  need  only  be 
pointed  out  that  rudimentary  vas- 
cular tissue,  absent  in  the  Hepa- 
ticaB, is  to  be  found  in  the  stems 
and  the  midribs  of  the  leaves  of  many  Musci;  and,  further,  that  the 
epidermis  is  not  clearly  differentiated  as  a  tissue-system,  and  is 


Fxo.  236.— Funoria  hygromeirica.  A 
Longitadinal  section  of  the  summit  of  a 
weak  female  plant  (  x  100) :  a  archegonia; 
h  leaves.  B  An  archegroniam  (  x  650)  : 
b  ventral  portion  with  the  oosphere;  \ 
neck ;  m  month  still  closed ;  the  cells  of 
the  axile  row  are  be^nning  to  be  con- 
verted into  mucilage.  C  The  part  near 
the  month  of  the  neck  of  a  fertilised 
archegonium  with  daric  red  cell-walls. 
(After  Sachs.) 
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destitnte  of  stomata.  It  is  true  tbat  in  some  HepaticsB  (e.g 
Anthoceros,  Marcbantia,  etc.,  Fig.  241)  there  are  strnctures  in 
the  superficial  layer  which  are  erroneously  called  stomata ;  these 
are  merely  pores,  and  differ  altogether  in  structure  and  develop- 
ment from  the  true  stomata  which  are  to  be  foand  on  the 
sporophyte  of  Anthoceros  and  of  most  Musci,  as  well  as  on  the 
sporophyte  of  the  higher  plants. 

The  Sporophyte,  the 
asexual  spore  -  producing 
form,  is  developed  from  the 
oospore  within  the  venter 
of  the  archegonium  (Fig. 
237) ;  its  development  is 
direct  and  holoblastic.  The 
oospore  divides  first  into 
two  cells  by  a  transverse 
wall,  the  basal  wall,  at  right 
angles  or  obliquely  to  the 
long  axis  of  the  archegon- 
ium;  the  upper  cell,  the 
one  next  the  neck,  is  termed 
the  epiha^al  cell,  the  lower 
the  hypohasal  cell.  This  is 
followed  in  some  Hepatieae 
(March  an  tiace©,  Antho- 
cerotacea))  by  the  formation 
of  two  walls,  at  right  angles 
to  the  basal  wall  and  to 
each  other,  which  are  known 
as  the  quadrant  and  octant 
walls,  since  they  respectively 
segment  the  oospore  into 
quadrants  and  octants  of  a 
sphere.  In  other  HepaticsB, 
and  generally  in  the  Musci, 
the  segmentation  into  oc- 
tants is  confined  to  the  epibasal  cell,  the  hypobasal  cell  either 
remaining  undivided,  or  dividing  irregularly.  With  the  exception 
of  some  of  the  lower  Hepaticee  (Riccieee),  where  epibasal  and  hypo- 
basal  cells  alike  contribute  to  the  formation  of  the  capsule  in 
which  the  spores  are  developed,  the  epibasal  cells  alone  give  rise 


Fig.  237. — Fvmaria  "hygrom^trxea.  A  Develop- 
ment of  tbe  sporogoniam  (//)  in  the  ventral 
portion  (bb)  of  tbe  arcbegoninm  Oongitadinal 
ejection  x  600).  B  C  Different  further  stages  of 
development  of  the  sporogonium  (/)  and  of 
tbe  calyptra  (c) ;  k  neck  of  the  arohegonium. 
( X  about  40.) 
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to  the  capsule.  The  h jpobasal  cell  gives  rise  to  the  foot^  which  is 
well-developed  in  the  lower  forms  of  both  Hepaticse  and  Musci, 
but  is  rudimentary  in  the  higher.  The  foot,  as  stated  on  page  14, 
is  essentially  an  embryonic  organ  ;  but  it  persists,  acting,  when 
suflficiently  developed,  as  the  organ  of  absorption  and  attachment, 
throughout  the  life  of  the  Moss-sporophyte,  because  the  sporo- 
phyte,  since  it  does  not  become  free  and  independent,  does  not 
altogether  develope  beyond  the  embryonic  stage.  In  most  forms 
the  epibasal  half  of  the  oospore  also  gives  rise  to  a  longer  or  shorter 
stalk,  the  seta^  by  the  elongation  of  which  the  capsule  is  raised  up 
out  of  the  calyptra.  '  In  those  Hepaticro  which  have  a  seta,  its 
elongation,  and  the  consequent  rupture  of  the  calyptra,  takes  place 
suddenly  when  the  capsule  is  already  mature  and  the  spores  fully 


,  ^  -        a:  B. 

Fig.  238.— ComparatWe  morphology  of  the  sporofiroiiiaiii  in  the  Brjophyta  :  diagram- 
matic traoBveree  sections  of  the  you Dg capsule.  A  Spheerocarpns  (typical  Liverwort);  B 
Geratodon  (typical  Moss) ;  0  Anthoceros  (aberrant  liverwdvt).  JB?  Endotbecium :  g-g 
primary  divisions  (qaadrant  and  octant  walls) ;  •  (shaded)  archesporiom ;  C  colnmella. 
(A  and  C  after  Leitgeb ;  B  after  Kienitz-GrerlofF.) 

developed;  in  the  Musci  its  elongation  is  gradual,  whilst  the 
capsule  is  still  rudimentary,  and  the  rupture  of  the  calyptra  takes 
place  relatively  early.  In  the  Hepatic89  and  some  Musci  (Sphag- 
nacese,  Archidium,  Phascum,  Ephemerum)  the  whole  of  the 
ruptured  calyptra  remains  as  a  sheath,  the  vaginula^  round  the 
base  of  the  seta :  but  in  the  higher  Musci  (AudreaeacesB,  most 
BryineBB)  the  calyptra  is  ruptured  transversely  into  an  upper  and 
a  lower  half;  the  latter  constitutes  the  vaginula,  whereas  the 
former  is  carried  up  as  a  cap  on  the  top  of  the  capsule.  In  some 
forms,  where  the  true  hypobasal  foot  is  rudimentary  (some  Junger- 
manniaceao  and  BryineoB)  and  is  functionless,  the  base  of  the  seta 
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becomes  dilated  to  foiin  9i,  false  foot  (epibasal)  which  performs  the 
functions  of  attachment  and  absorption. 

The  tissne  of  the  developing  capsule  becomes  differentiated  into 
an  external  layer  (or  layers)  of  cells,  termed  the  amphithecium, 
which,  in  nearly  all  cases  (except  Anthocerotacesa  and  SphagnacesB) 
forms  only  the  wall  of  tho  capsule ;  and  an  internal  solid  mass  of 
cells,  the  endoihecmm.  The  spores  are  developed  from  a  mass  or 
a  layer  of  cells  termed  the  archesporium.  In  the  HepaticsB  the 
archesporium  includes  the  whole  of  the  endothecium  (except  in 
Anthocerotace89,  Fig.  238  0),  and  the  archesporial  cells  are  either  all 
sporogenous  (Ricciese)  or,  as  is  more  frequently  the  case,  some  of 
them  are  sterile  and  generally  become  spirally  thickened  and  elon- 
gated in  form  when  they  are  t-ermed  elaters.  In  the  Moss  Archi- 
dium  there  is  no  defined  archesporium,  the  sporogenous  cells  being 
scattered  throughout  the  endothecium.  In  the  AnthocerotacesB 
and  in  the  Mnsci  (except  Archidinm)  the  archesporium  is  a  layer 
of  cells  :  it  is  generally  the  external  layer  of  the  endothecium,  but 
in  most  of  tho  Anthocerotaceod  and  in  the  SphagnacesB  it  is  the 
innermost  layer  of  the  amphithecium.  In  these  forms  where  the 
archesporium  is  a  layer  of  cells,  the  internal  sterile  tissue  of  the 
endothecium  constitutes  what  is  termed  the  columella.  The  arche- 
sporial cells  are  either  themselves  the  mother-cells  of  the  spores, 
or  they  undergo  division  to  form  these  cells.  Each  mother-cell 
gives  rise  to  four  spores  ;  the  nucleus  divides  into  two,  and  each 
of  these  divides  again ;  the  protoplasm  aggregates  round  the  four 
nuclei,  constituting  four  cells  which  surround  themselves  with  a 
proper  wall  and  which  are  the  spores.  They  do  not  usually  all 
lie  in  one  plane,  but  are  placed  tetrahedrally.  The  mature  spore 
is  a  cell,  consisting  of  a  mass  of  protoplasm,  with  a  nucleus,  and 
containing  chloroplastids,  starch-grains  and  oil-drops;  the  wall 
consists  of  two  layers  of  the  usual  structure  (see  p.  69).  .  During 
the  formation  of  the  spores  the  mother-cells  become  isolated  from 
each  other,  floating  freely  in  a  mucilaginous  liquid  in  the  interior 
of  tho  capsule. 

The  escape  of  the  spores  fi*om  the  capsule  is  effected  in  various 
ways.  In  some  cases  the  wall  of  the  capsule  simply  decays  {e.g. 
Ricciece,  Phascum),  or  it  splits  into  valves  {e.g.  Jungermanniaceee), 
or  the  upper  part  is  thrown  off  as  a  lid  or  operculuin  {e,g,  some 
MarchantiesB,  SphagnaceaB,  most  Bryineae). 

On  being  set  free,  the  spores  germinate,  when  the  conditions 
are  favourable,  giving  rise  to  the  protonema.      The  biittle  exo- 
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sporiam  being  ruptured,  the  contents,  covered  by  the  endosporium, 
then  generally  grow  out  in  the  form  of  a  filament,  which  is  the 
beginning  of  the  protonema.  In  some  rare  cases  (e.g.  Pellia, 
Andreasa)  cell-divisions  take  place  within  the  spore  before  the 
exosporinm  is  ruptured,  so  that  the  protonema  is  from  the  first  a 
mass  or  a  layer  of  cells. 

The  body  developed  from  the  oospore,  which  constitutes  the 
asexual  generation  or  sporophyte  of  the  Bryophyta,  is  termed  the 
sporogonium.  With  regard  to  its  general  morphology  it  may  be 
considered  (except  in  Ricciece)  to  present  differentiation  into  root 
and.  shoot;  the  foot,  however  rudimentary,  developed  from  the 
hypobasal  half  of  the  oospore,  represents  the  root ;  the  capsule  and 
the  seta  (when  present),  developed  from  the  epi basal  half  of  the 
oospore,  represent  the  shoot.  The  shoot  is  in  no  case  differenti- 
ated into  stem  and  leaf.  In  the  Ricciead  the  products  of  the 
hypobasal  and  epibasal  cells  are  quite  similar,  so  that  the  whole 
thalloid  sporogonium  consists  only  of  a  capsule.  Hence,  whilst  it 
is  the  rule  in  the  Bryophyta  that  sporogenous  cells  are  only  de- 
veloped in  the  shoot-portion  of  the  sporophyte,  that  is,  are  derived 
only  from  the  epibasal  cell,  in  the  Ricciese  the  derivatives  of  the 
hypobasal  cells  are  also  sporogenous. 

The  sporogonium  is  not  an  independent  sporophyte,  but  remains 
attached  to  the  gametophyte,  obtaining  from  it  either  the  whole 
or  a  portion  of  its  food,  it  must,  however,  be  clearly  understood 
that  there  is  no  continuity  of  tissue  between  the  two  genei-ations ; 
the  sporophyte  is  simply  inserted  into  the  tissue  of  the  gameto- 
phyte. In  the  Hepatic®  the  sporophyte  is  short-lived  (except  in 
Anthoceros),  and  is  entirely  dependent  upon  the  gametophyte  for 
its  nutiition.  In  Anthoceros,  and  in  most  of  the  Musci,  the  capsule 
possesses  more  or  less  well-developed  assimilatory  tissue,  and  its 
epidermis  is  provided  with  stomata,  so  that  the  sporophyte  is 
capable  of  using  the  carbon  dioxide  of  the  air  as  its  carbonaceous 
food,  and  is  dependent  upon  the  gametophyte  only  for  its  supply 
of  water  and  salts.  In  many  of  these  forms  the  seta  has  a  central 
strand  of  rudimentary  vascular  tissue  through  which  the  water 
and  salts,  absorbed  from  the  gametophyte,  can  travel  to  the  region 
of  the  capsule  where  assimilation  and  transpiration  are  carried  on. 

The  Bryophyta  (Muscineae)  are  divided  into  two  classes,  the 
distinctive  characters  of  which  are  as  follows : — 

Class  III. — Hepatic^  (Liverworts). 

Oametophytic  Characlers.  Protonema,  generally  short-lived,  in- 
conspicuous, a  flattened  expansion. 
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Adult  shoot,  generally  dorsi ventral ;  tballoid  in  many  forms ; 
has  nnicellalar  root-hairs ;  no  trace  of  yascalar  tissue ;  leaves 
(when  present)  destitute  of  a  midrib. 

Sporophytic  Characters.  The  sporogoninm  remains  within  the 
calyptra  until  the  spores  are  ripe  ;  the  ruptured  calyptra  remains 
as  a  vaginula,  no  portion  of  it  being  raised  as  a  cap  on  the  sporo- 
goninm ;  the  elongation  of  the  seta  (when  present)  is  sudden ;  the 
growth  of  the  sporogonium  is  not  effected  by  a  two-sided  apical  cell. 

The  archesporium  (except  in  the  Anthoceix>tace89)  is  a  mass  of 
cells  co-extensive  with  the  endothecium;  in  all  cases  (except 
Riccieae)  some  of  the  archesporial  cells  are  sterile,  being  frequently 
developed  into  elaters ;  a  columella  is  present  only  in  the  Antho- 
cerotaceeB. 

There  is  no  trace  of  vascular  tissue  in  the  sporophyte,  nor  are 
there  any  stomata  in  its  epidermis  (except  AnthocerotacesB). 

Class  IV.— Musci  (Mosses). 

Gametophytic  Characters,  Protonema  frequently  persistent, 
well-developed,  generally  filamentous.  Adult  shoot,  radial  or 
isobilateral ;  always  differentiated  into  stem  and  leaf ;  no  root- 
hairs,  but  branched  multicellular  rhizoids ;  stem  frequently  with 
a  central  strand  of  rudimentary  vascular  tissue ;  leaves  generally 
with  a  midrib. 

Sporophytic  Characters.  The  sporogonium  escapes  from  the 
calyptra  at  an  early  stage  ;  a  portion  of  the  calyptra  (with  certain 
exceptions)  is  canied  up  as  a  cap  on  the  sporogonium ;  the  elonga- 
tion of  the  seta  is  gradual ;  the  growth  of  the  sporogonium  is 
(except  Sphagnacese)  effected  by  a  two-sided  apical  cell. 

The  archesporium  is  not  co-extensive  with  the  endothecium,  but 
is  a  layer  of  cells  (except  Archidium)  ;  the  archesporial  cells  are 
all  sporogenous,  none  being  sterile  or  forming  elaters ;  there  is  a 
well-developed  columella  in  the  capsule. 

The  seta  frequently  has  a  central  strand  of  rudimentary  vascular 
tissue ;  the  epidermis  of  the  capsule  is  generally  provided  with 
stomata. 

Class  III.— Hepatic j:  (Liverworts). 

A.  The  Gametophyte.  The  spore  gives  rise,  on  germination, 
to  a  small  protonema  which  is  sometimes  filamentous,  but  more 
generally  a  flattened  cellular  expansion. 

The  Adult  Shoot  springs  from  the  protonema.  Its  symmetry  is 
dorsi  ventral,  except  in  Haplomitrium  and  some  species  of  Riella 
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in  which  it  is  radial.  It  is  f^enerally  thalloid,  bnt  is  differentiated 
into  stem  and  leaves  in  some  forms  {e.g.  foliose  Jungermanniaceae). 
Its  growth  is  effected  by  an  apical  growing-point  in  which  there 
is  either  a  groap  of  initial  cells  (Marchantiaceae,  Anthocerotace©), 
or  a  single  apical  cell  (Jungermanniaceae).  The  branching  is 
commonly  dichotomous,  taking  place  in  the  plane  of  expansion  ; 
bat  the  development  of  branches  from  the  ventral  surface  is  con- 
stant in  several  genera. 

The  dorsiventral  shoot  bears  numerous  unicellular  root-hairs 
(absent  in  Haplomitrium)  on  its  ventral  (lower)  surface ;  when 
thalloid  it  also  bears  multicellular  scales  (ventral  scaler)  on  the 
same  surface ;  when  foliose,  it  bears  on  this  surface  a  row  of  small 
rudimentary  leaves,  termed  amphigastrtay  the  fully  developed 
foliage-leaves  being  borne  in  two  lateral  rows,  one  on  each  flank 
of  the  shoot. 

In  the  great  majority  of  Hepaticae,  the  sexual  organs  are  borne 
on  the  dorsal  (upper)  surface,  either  scattered  or  in  groups ;  and 
sometimes  upon  a  specially  modified  portion  of  the  shoot,  termed 
the  receptacle,  either  sessile  or  stalked ;  in  the  latter  case  the  shoot 
(e.g.  higher  Marchantieae)  may  be  more  or  less  clearly  differentiated 
into  a  vegetative  and  a  reproductive  part  (gametophore) .  It  is 
only  in  some  of  the  Jungermanniaccaa  (Jungermanniaceae  acro- 
gynae)  that  the  sexaal  organs  are  developed  at  the  apex  of  the 
branches  of  the  shoot,  a  feature  in  which  they  approach  the  Musci. 

The  protonema  beai*s  bat  a  single  adult  shoot ;  and  this,  owing 
to  the  transitory  nature  of  the  protonema,  soon  becomes  an  inde- 
pendent plant.  The  plant  is  generally  monoecious,  but  sometimes 
dioecious. 

B.  The  Sporophtte  is  developed  from  the  fertilised  oosphere 
(oospore)  in  the  archegonium  (see  p.  329).  It  is  a  sporogonium, 
which  may  consist  merely  of  a  capsule  (Riccieae) ;  or  it  may  be 
differentiated  into  a  capsule  and  a  foot  {e.g.  Anthoceros) ;  or  into  a 
capsule,  a  longer  or  shorter  seta,  and  a  foot  (e.g.  Marchantieae) ; 
or  into  a  capsule,  a  seta,  and  a  rudimentary  (hypobasal)  foot 
(some  Jungermanniaceae),  a  false  foot  (epibasal)  being  in  some 
cases  developed  from  the  lower  part  of  the  seta.  It  never  grows 
by  means  of  a  two-sided  apical  cell  as  it  does  in  the  Mosses. 

The  internal  differentiation  of  the  capsule  presents  the  follow- 
ing varieties : — It  is  in  all  cases  differentiated  into  amphithecium 
and  endothecium ;  in  all,  except  most  Anthocerotaceae,  the  arche- 
sporium  is  coextensive  with   the  endothecium;    in  the  Antho- 
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cerotaceae,  the  whole  or  part  of  the  endotheciam  constitutes  a 
cdumeWx^  a  feature  in  which  the  Anfchocerotaceed  resemble  the 
Musci. 

In  the  Riccieae  (except  Oxymitra)  the  whole  archesporinm  is 
sporogenons,  whereas  in  all  other  forms  some  of  the  archesporial 
cells  are  sterile,  and  in  many  they  are  developed  into  elaters,  elon- 
gated cells  with  spirally  thickened  walls,  generally  becoming  free 
from  each  other. 


B  CD 

Fi0. 230.— CompftTAtive  morphology  of  the  Bporogoninm  in  the  HepaticsB :  dlogramtnatio 
longitadinal  sections.  ilRiccia;  B  Marchantia;  (7  Anthoceros ;  D  Ratlula.  I-I  basal 
wall;  /foot;  st  seta;  am amphitheoinm ;  «nA  endotheoiam ;  ar  archesporinm  (shaded); 
col  columella,    (After  Goebel.^ 

The  sporogonium  remains  enclosed  in  the  calyptra  until  the 
spores  are  mature  when,  if  a  seta  be  present,  it  suddenly  elongates 
and  ruptures  the  calyptra,  which  persists  as  a  vaginula  at  its  base. 
The  capsule  opens  either  by  the  decay  of  its  wall,  or  more  gener- 
ally by  the  splitting  of  the  wall  from  the  apex  downwards  into 
valves;  in  some  Marchantiese  a  lid,  the  operculum^  is  formed  and 
the  capsule  is  opened  by  the  throwing  off  of  the  lid. 
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The  Hepafcicffi  are  classified  as  follows : — 

Order  I.  MarchantiacesB.  Order  II.  Jungermanniaoete.  Order  III.  Antho- 
cerotaceae. 

Order  I.  Marchantiaces. 

A.  The  Gambtophtxe.  The  spore  giyes  rise  on  germiDation  to  a  short  on- 
branched  filamentous  protonema  which  developes  at  its  apex  into  a  flattened 
cellnlar  expansion,  from  the  margin  of  which  the  adult  shoot  (commonly 
known  as  the  plant)  springs  as  a  lateral  branch. 

Tlie  Motyliology  of  the  Adult  Shoot.  The  adult  shoot  is  undifiFerentiated  into 
stem  and  leaf.  Its  symmetry  is  dorsirentral ;  on  the  lower  (ventral)  surface  it 
bears  numerous  root-hairs,  and  also  scales  which  are  arranged  in  one  or  two 
rows,  or  irregularly  (Ricciocarpus  natant,  Clevea,  Santeria,  Corsinia),  but  are 
absent  in  Riccia  crystalUna ;  on  the  upper  (dorsal)  surface  the  reproductive 
organs  are  borne.  In  the  Biccies  the  shoot  presents  a  dorsal  furrow,  and  in 
the  MarchantieaB  a  midrib. 

Growth  is  effected  by  an  apical  growing-point,  situated  in  a  depression, 
posRessing  a  transverse  row  of  initial  cells  from  which  segments  are  cut  off 
dorsally  and  ventrally ;  the  initial  cells  also  undergo  longitudinal  division,  and 
thus  increase  in  number. 

The  normal  mode  of  branching  is  that  which  takes  place  in  the  plane  of  ex- 
pansion ;  it  is  dichotomous,  and  is  effected  in  the  manner  described  on  p.  184. 

Less  commonly,  branches  are  formed  as  outgrowths  from  the  ventral  aspect 
of  the  growing-point,  as  in  certain  MarchantieaB  (e.g.  Targionia,  Flmbriaria, 
Plogiochasma,  Clevea,  Preissia).  This  depends  upon  the  fact  that,  in  these 
forms,  the  growth  of  the  fertile  normal  branches  is  arrested  by  the  formation 
of  reproductive  organs ;  hence  the  further  development  of  the  shoot  can  only 
be  effected  by  ventral  branching.  Adventitious  ventral  branches  are  common 
in  the  Bicciese. 

The  sexual  organs  are  in  all  cases  developed  on  the  dorsal  surface,  each 
antheridium  or  archegonium  arising  from  a  single  superficial  cell.  In  the 
simpler  forms  they  are  arranged  in  a  continuous  median  row,  developed  in 
acropetal  succession  {e.g.  sexual  organs  of  Kiccia,  antheridia  of  Boschia, 
Clevea  hyalina^  sometimes  Sauteria  alpina),  or  in  a  series  of  groups  {e.g,  Riecio- 
carpus  notansi  Oxymitra,  Corsinia,  archegonia  of  Boschia,  antheridia  of  most 
of  the  lower  Marcbantieae) ;  in  the  higher  forms  they  are  borne  on  a  special 
structure  termed  a  receptacle. 

The  receptacle.  The  primitive  form  of  the  female  receptacle  is  to  be  found 
in  Corsinia  (var.  involucrata).  Here  each  group  of  archegonia  Is  sunk  in  a  pit 
on  the  dorsal  surface ;  from  the  bottom  of  the  pit  there  grows  up  among  the 
archegonia  a  protuberance,  which  produces  a  membranous  umbrella-like  cover- 
ing {pericha:tium)  for  them ;  this  protuberance  represents  the  receptacle.  In 
some  of  the  lower  MarchantieaB  {e.g.  Piagiochasma,  Clevea)  the  receptacle  is 
developed  in  much  the  same  way,  but  the  archegonia  are  borne  upon  it ;  the 
receptacle  becomes  raised  on  a  short  stalk  and,  by  the  unequal  growth  of  its 
surface,  the  archegonia  (usually  three  to  four  in  number)  become  displaced  to 
the  under  side.  In  these  cases  the  receptacle  is  simply  an  excrescence  of  the 
dorsal  surface. 

In  the  higher  Marcbantieae  the  adult  shoot  is  frequently  differentiated  into  a 
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vegetitiye  and  a  reprodactive  portion,  the  gametophore :  the  gametophore  is  a 
branch  (or  a  branch- system)  bearing  a  terminal  receptacle,  in  which  either  the 
male  (antheridiophore)  or  the  female  (archegoniophore)  organs  are  developed. 

In  the  simpler  forms  (e,g.  Sauteria,  Fimbriaria,  Duvalia,  Grimaldia,  Beboulia) 
the  archegoniophore  is  simple,  that  is  unbranched ;  the  stalk  presents  a  single 
farrow  which  represents  the  ventral  surface  of  the  shoot.  In  Lunularia  the 
stalk  is  simple,  but  the  receptacle  itself  is  branched,  presenting  four  groups 
of  archegonia,  each  group  corresponding  to  one  of  the  coherent  branches  of 
which  the  receptacle  consists;  hence  the  archegoniophore  is  compound.  In 
Marchautia,  Preissia,  and  Dumortiera,  the  stalk  has  two  ventral  furrows, 
showing  that  it  consists  of  the  two  coherent  bi;anches  of  the  first  dichotomy. 
The  receptacle  itself  is  repeatedly  branched :  thus  in  Preissia  there  are  four 
groups  of  archegonia,  corresponding  to  four  branches;  in  Marchantia  and 
Dumortiera  there  are  eight.    The  receptacle  is  more  or  less  distinctly  lobed, 


Fio.  210. — A  Portion  of  a  plant  of  "Marchantia  poIj/nioi-p\a  (t).  with  anthoridiophoros. 
B  Portion  of  a  plant  witU  a  cupule  containing  gemmie;  v  v  apices  of  the  two  branches. 
(After  Sachs.)  C  An  arohegouiuphore  with  a  doubly  furrowed  (r)  stalk  t,  beariu)<  a 
terminal  branched  receptacle  of  which  f  lit  one  of  the  raya ;  h,  perichaetium ;  k  aporogouia. 

thus  showing  its  compound  nature;  each  group  of  archegonia  is  situated  be- 
tween the  bases  of  two  adjacent  lobes.  The  complete  elongation  of  the  stalk 
does  not  take  place  until  the  archegonia  are  fully  developed,  or  even  until  one 
of  them  has  been  fertilised. 

It  is  only  in  a  few  of  the  higher  Marchantieae  that  there  is  a  highly  de- 
veloped antheridiophore.  In  the  lowest  forms  the  antheridia  are  developed 
in  dorsal  groups,  the  formation  of  which  does  r^ot  arrest  the  further  apical 
growth  of  the  brj&nch ;  in  Grimaldia  and  Beboulia,  the  formation  of  the  groups 
of  antheridia  causes  temporary  arrest  of  apical  growth;  in  Luuularia  and 
.Duvalia  the  formation  of  a  group  of  antheridia  permanently  arrests  the  apical 
growth  of  the  branch,  the  group  being  therefore  terminal.  In  Fegatella,  Preissia, 
Marchantia,  and  Dumortiera,  a  definite  terminal  receptacle  is  formed;  it  is 
discoid  in  form,  and  (except  Fegatella)  it  is  elevated  on  a  special  artheridio- 
.phore ;  it  is  compound,  having  several  growing  points,  each  of  which  gives 

V.  8.  B.  '^ 
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rise  to antheridU  in  acropetal  succession,  and  then  ceases  to  grow;  the  stalk  batf 
two  ventral  furrows,  showing  that  it  consists  of  two  coherent  branches. 

In  all  cases  the  antberidia,  and  in  many  the  archegonia,  become  overgrown 
by  the  surrounding  tissue,  so  that  they  lie  in  depressions  formed  in  essentially 
the  same  manner  as  the  air-chambers  described  below ;  a  narrow  canal  leads 
down  to  each  antheridium,  but  the  necks  of  the  archegonia  are  long  enongh  to 
reach  to  the  surface.  The  growth  of  this  tissue  is  especially  active  around  the 
archegonia,  so  that  a  membranous  investment  is  formed  enclosing  either  a 
single  archegonium,  when  the  archegonia  are  developed  singly,  or  a  group  of 
archegonia,  when  they  are  developed  several  together,  which  is  termed  the 
involucre.  This  consists  essentially  of  two  parts;  a  basal  portion,  consisting 
of  an  extension  of  the  air-chamber-layer  of  the  shoot,  and  of  a  more  delicate 
marginal  portion  (pericbsBtium),  formed  by  the  outgrowth  of  the  superficial 
cells  of  the  basal  portion,  variously  lobed  and  laciniate.  In  some  cases  {e.g, 
Corsinia)  the  development  of  the  perichsBtium  only  takes  place  after  fertilisa- 
tion. 

In  the  Marchanties,  the  receptacles  are  surrounded  at  their  first  formation 
by  involucral  scales  of  various  form,  leafy  or  hair-like,  which  are  excrescences  of 
the  adjacent  tissue.  When  the  receptacle  subsequently  becomes  raised  on  a 
stalk,  the  involucral  scales  generally  remain  as  a  sheath  round  the  base  of  the 
stalk ;  but  some  may  be  carried  up  with  the  stalk  in  its  growth,  as  is  especially 
the  case  in  Lunularia. 

In  Marchantia,  Preissia,  and  Fimbriaria,  the  venter  of  each  archegonium 
becomes  surrounded  by  a  sac-like  membrane,  developed  from  the  stalk-cell  of 
the  archegonium,  which  is  termed  the  perigyniam  (Fig.  235).  The  develop- 
ment of  the  perigynium  begins  when  the  archegonium  is  nearly  mature. 

The  distribution  of  the  sexual  organs  is  various  :  the  plants  may  be  nionoDoioos 
(some  species  of  Biccia,  also  Corsinia,  Plagioohasma,  Sauteria,  Peltolepis,^ 
Qrimaldia,  Beboulia,  most  species  of  Fimbriaria,  Duvallia,  Targionia,  Cyatho- 
dium),  or  dioecious  (some  species  of  Biccia,  Ricciocarpus  natans,  Oxymitra, 
Boschia,  Clevea,  Fegatella,  Lunularia,  Preissia  generally,  Marchantia,  Du- 
mortiera).  In  the  monoecious  species  of  Biccia  (except  jR.  fluitans^  where 
they  alternate  regularly  in  a  single  row),  the  antheridla  and  archegonia  are 
intermingled ;  but  in  all  other  monoecious  forms  they  are  developed  either  in 
separate  sori,  or  on  distinct  branches  (diclinous) ;  in  Preissia  both  antheridia 
and  archegonia  have  been  found  to  occur  exceptionally  on  the  same  {andro- 
gynoiu)  receptacle  (monoclinous).  The  antheridia  are  borne,  in  Sauteria, 
Targionia,  and  Cyathodium,  on  the  ventral  branches  exclusively ;  it  is  probable 
that  this  is  also  the  case  in  the  apparently  dioecious  forms  of  Fimbriaria. 

The  Structure  of  the  Adult  Shoot.  The  dorsal  portion  of  the  shoot  consists, 
in  all  the  Marohautiacese,  of  parenchymatous  tissue,  made  up  of  cells  containing 
chloroplastids,  which  includes  a  number  of  air-chambers,  giving  it  an  areolated 
appearance,  whence  it  is  termed  the  air-chamber-layer.  The  chambers  are 
formed  by  the  unequal  growth  of  the  cells  near  the  growing-point,  in  conse- 
quence of  which  the  surface  presents  alternating  elevations  and  depressions. 
In  most  species  of  Biccia  the  air-chambers  are  narrow  canals,  elongated  per- 
pendicularly to  the  surface  ;  in  R.  crystallina  they  are  much  widened,  and  open 
to  the  surface  by  the  whole  extent;  in  R,fluitans  {RiccieUa  canalictUata)  the 


Digitized  by 


Google 


GROUP   II. — BRYOPHITA.:    HEPATICiB. 

wide  air-chambers  become  roofed  over  by  the  growth  of  the  eaperficial  cells  of 
the  iuterveiiing  dissepiments,  and  in  the  aquatic  form  became  completed  dosed, 
but  in  the  terrestrial  form  they  commanicate  with  the  exterior  by  means  of  a 
simple  pore  surrounded  by  four  guard-cells.  In  R.  glauca  and  its  allies,  the 
air-chambers  become  completely  closed  in,  but  the  supei-ficial  layer  eventually 
breaks  down.  Rieciocarpus  iiataniy  Ozymitra,  Corsinia,  and  many  Marehantieo 
{e,g.  Sauteria,  Clevea,  Targionia)  have  a  similar  structure  to  that  of  the  terre- 
strial form  of  R.  Jtuitam^  but  the  pore  is  surrounded  by  a  larger  number  of 
guard-cells,  in  several  rows,  but  all  lying  in  the  same  plane;  in  Sauteria, 
Ctevea,and  Peltolepis,  the  guard-cells  have  their  radial  walls  peculiarly  thickened, 
giving  a  star-like  appearance  t«  the  pore.  In  Preissia  and  Marchantia  the 
structure  and  development  of  the  pores  is  different;  hei«  the  primary  air- 
chambers  become  completely  closed  in;  at  the  central  meeting-point  the  growth 
of  the  superficial  cells  continues,  but  vertically  instead  of  horizontally,  leading 
to  the  formation  of  vertical  rows  of  cells  which  subsequently  separate,  leaving 


Fio.  SH.— XorchcmNa  ])o{yiii»rpfta.  A  A  pore  aeen  in  snrAioe  view.  B  Section  of  a  portion 
of  the  dorsal  region  of  tiie  tballos,  showinflr  the  air-chamber  containing  assimilatory  tissue, 
und  the  oompoond  pore.   ( x  240 :  after  Strasburger.) 

a  canal  between  them.  This  structure  is  distinguished  as  a  compound  pore. 
CJompound  pores  of  this  sort  are  found  in  the  receptacles  of  other  Marchantieas, 
the  vegetative  parts  of  which  have  simple  pores. 

In  many  forms^  the  cells  containing  chloroplastids  (assimilatory  tissue)  are 
simply  those  which  form  the  walls  of  the  air-chambers ;  in  Corsinia  and  Sauteria 
these  cells  project  somewhat  into  the  cavity  of  the  air-chamber,  whilst  in  others 
{e,g,  Bosehia,  Marchantia,  Preissia,  Lunularia,  Fegatella,  Targionia)  the  cells 
forming  the  floor  of  the  air-chamber,  or  the  sides,  or  even  the  roof,  grow  out 
into  branched  or  unbranched  filaments  which  fill  most  of  the  air-cavity,  thus 
largely  increasing  the  assimilatory  tissue. 

Beneath  the  air-chamber-layer  is  a  compact  tissue,  consisting  of  several  layers 
of  cells  elongated  in  the  direction  of  the  long  axis  of  the  branch,  which  is 
without  intercellular  spaces,  and  contains  but  few  chloroplastids.     In  the 
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Mttrohantiese  the  walls  of  these  cellti  are  generally  thickened  and  pitted ;  some 
of  the  cells  oont^iin  luucilage,  aud  in  Fegatella  the  maciiage-oells  form  oon- 
tinuoas  rows ;  other  cells  contain  a  dark-coloared  oil-drop,  thoagh  such  cells 
also  occur  in  the  air-chamber-layer ;  in  Preissia  brown-coloured  sclerotic  fibrous 
cells  occur,  arranged  in  longitudinal  strands. 

The  ventral  saiface  is  formed  by  a  layer  of  cells  which,  in  the  simpler  forms, 
is  not  specially  differentiated,  but  in  some  the  cells  of  this  hiyer  are  remarkable 
for  their  small  size  ;  in  Marchautia  aud  Preissia  there  are  several  layers  of  these 
small  cells,  forming  a  sort  of  ventral  cortex. 

The  ventral  scales  consist  of  a  single  layer  of  cells,  the  walls  of  which 
generally  assume  a  violet  colour ;  each  scale  ifi  developed  from  a  single  super- 
ficial cell,  or,  as  generally  in  the  Biccieie,  from  a  transverse  row  of  cells.  In 
Marchautia  polynioryUat  in  addition  to  the  scales  which  aritie  from  the  midrib, 
there  are  others  which  spring  from  the  surface  of  the  lamina. 

Unicellular  mot-hain  are  produced  in  all  Marchantiaceie ;  the  commonest 
form  has  thin  walls ;  in  the  Marchantiead  a  second  form  occurs,  in  which  peg- 
like thickenings  of  the  wall  project  into  the  cavity  of  the  cell :  the  simple  root- 
hairs  are  developed  mainly  on  the  midrib,  the  thickened  hairs  mainly  on  the 
lamina. 

Gemma  are  produced  in  Lunularia  and  Marchautia  in  special  receptacles, 
termed  cupuUs^  borne  on  the  dorsal  surface  of  the  shoot;  in  Lunularia  the 
oupule  is  crescent-shaped,  in  Marohantia  it  is  circular  (Fig.  240  B).  The  cupulo 
is  formed  by  au  outgrowth  of  the  air-chamber  layer,  and  in  Marchautia  its 
margin  is  prolouged  into  lacmiie.  The  gemmoB  spring  from  bingle  cells  of  the 
floor  of  tho  cupule,  which  elongate  upwards  and  divide  transversely  into  a 
et&lk  cell  and  a  terminal  cell,  which,  by  repeated  growth  aud  division,  forms  a 
flattened  plate  of  tissue,  several  layers  of  cells  thick  at  the  middle,  thinning 
out  to  a  single  layer  at  the  margin,  with  a  growing-point  in  a  depression  uu 
each  lateral  margin.  The  symmetry  of  the  gemms  is  isobihUeral ;  but  when 
they  fall  on  to  the  soil  and  begin  to  grow,  the  undermost  surface  becomes  the 
ventral,  aud  the  uppermost  the  dorsal.  Some  of  the  superficial  cells  have  no 
chloroplostids ;  tho^e  of  the  surface  next  the  soil  grow  out  into  root  hairs. 

B.  The.SpoBOPHYTB.  The  degree  of  morphological  and  histological  differ- 
entiation of  the  sporophyte  presents  wide  divergences  in*  the  different  groups. 
The  oospore  undergoes  division  by  a  wall,  generally  inclined  at  an  acute  augle  to 
the  long  axis  of  the  archegonium,  the  hasU  wall^  into  two  halves,  the  ^pibanul 
aud  the  hypobasal ;  each  of  these  is  then  divided  into  two  by  a  wall  at  right 
angles  to  the  basal  wall,  and  each  of  these  again  by  a  wall  at  right  angles  to 
the  two  preceding  walls;  thus  the  embryo  comes  to  consist  of  eight  cells 
(octants). 

In  the  Biccieae,  the  whole  embryo  simply  forma  a  spherical  capsule  :  in  the 
Marchautieee,  the  capsule  is  developed  entirely  from  the  epibasal  cells,  whiUt 
the  hypobasal  cells  give  rise  to  a  bulbous  footy  which  attaches  the  embryo  to  the 
parent,  and  to  a  short  stalk  which  bears  the  capsule,  and  is  formed  at  a  rela- 
tively late  stage  by  intercalary  growth.  In  the  Gorsiniead  the  embryo  is 
differentiated  into  capsule  and  foot,  but  it  is  uncertaiu  whether  or  not  the  limit 
between  these  two  organs  is  marked,  as  it  is  iu  the  Marchauties3,  by  the  b..8al 
wall  (see  Fig.  239). 
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.  The  diiTerentiation  of  the  tissue  of  the  capsule  into  araphitheoiam  and 
endotheciam  is  well-raark«)d,  except  in  the  Bicciete.  The  archesporium  is 
coextensive  with  the  endotheciura. 

In  the  Kiccies  the  whole  of  the  arohesporial  cells  are  sporogenons  (except 
perhaps  Oxjmitra) ;  in  Corsinia,  some  of  the  archesporial  cells  are  sterile,  bat 
these  undergo  no  special  differentiation ;  in  Boscbia  and  in  the  Marohantiea? 
the  sterile  cells  assnme  an  elongated  form,  and  their  walls  undergo  spiral  or 
annular  thickening:  these  specially  modified  sterile  celts  are  the  elaters,  and, 
being  very  hygroscopic,  they  assist  in  the  scattering  of  the  spores.  Each 
sporogenoas  cell  gives  rise  to  four  spores. 

The  wall  of  the  capsule,  which  consists  generally  of  a  single  layer  of  cells,  is 
but  slightly  developed  in  the  BicoieflB,  and  becomes  entirely  disorganised  during 
the  development  of  the  spores.  In  Corsinia  the  wall  is  not  highly  developed, 
but  it  persists  till  the  spores  are  ripe,  when  it  ruptures  irregularly ;  in  Boschia 
it  is  mure  highly  developed,  the  cells  presenting  half-ring  thickenings  on  their 
lateral  and  internal  walls.  In  the  Marchantiesd  the  cells  of  the  walls  are 
generally  thickened ;  the  thickenings  may  be  fibrous,  in  which  case  the  capsule 
opens  by  the  splitting  of  the  wall  lougitudinally  into  a  number  of  teeth,  though 
in  Targionia  the  splitting  is  irregular;  or  the  thickenings  (sometimes  absent) 
are  confined  to  the  walls  at  right  angles  to  the  surface,  in  which  case  the 
capsule  opens  by  the  separation  of  its  upper  third  as  a  lid  or  operculum,  as  in 
the  Operculatas. 

The  spores  are  generally  tetrahedral,  with  two  coats,  the  outer  of  which 
(exoMporium)  is  tuberculate  or  reticulate  on  the  surface.  On  germination  the 
exosporium  of  the  tetrahedral  spore  ruptures  at  the  point  of  junction  of  the 
three  projecting  angles.  Ihe  spores  of  Lunularia  and  Marchantia  are  small  and 
spherical;  the  exosporium  is  feebly  developed,  and  presents  a  granular  thicken-' 
ing.  In  consequence  of  the  thinness  of  the  exosporium,  the  whole  spore  is 
enabled  to  enlarge  considerably  on  germination,  and  it  does  not  rupture  at  any^ 
special  point.  In  Fegatella,  cell-divisions  lake  place  in  the  spores  before  they 
are  scattered. 

The  venter  of  the  archegonium  keeps  pace  with  the  growth  of  the  developing 
embryo,  forming  the  calyptra,  and  encloses  it  until  the  spores  are  ripe.  lu  the 
Biccie®  the  spores  are  set  free  by  the  gradual  disorganisation  of  the  calyp*ra 
and  of  the  tissue  of  the  thallus  in  which  the  calyptra  is  imbedded;  in  the  other 
MarohantiaoeflB  the  capsule  is  forced  out  of  the  calyptra  by  the  elongation  of 
the  short  stalk. 

The  Marchantiaoes  are  classified  as  follows  : — 

Fam.  1.  Jlicciea.  The  gametophyte  is  characterised  by  the  simple  structure 
of  the  adult  shoot;  the  air-chamber  has  a  simple  pore  in  only  a  few  forms 
[Riceia  {Riccielhi)  canaliculata,  Bicciocarpus,  Oxymitra] ;  the  assimilatory  tissue 
is  confined  to  the  walls  of  the  air-chamber.  The  sexual  organs  are  not  borne  on 
a  receptacle,  but  are  developed  in  a  row,  or  in  groups,  in  the  dorsal  furrow,  and 
become  overgrown  by  the  tissue  of  the  thallus.  The  sporophyte  is  character- 
ised by  the  absence  of  differentiation  of  a  foot  or  seta,  consisting,  as  it  does, 
simply  of  a  capsule ;  all  the  arohesporial  cells  give  rise  to  spores  (except  the  few 
sterile  cells  in  Oxymitra),  and  the  wall  of  the  capsule  becomes  disorganised 
daring  the  ripening  of  the  spores. 
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The  genera  are :  Biccia,  of  which  there  are  maD  j  species  arranged  in  the 
two  sections   Etiriccia  and  Jiicciella;  Ricciocarpos,  represented  only  by  the 
species  R,  nataju  ;  Ozymitra  (Tesselina). 

Fam.  2.  Corsiniea,    The  gametophyte  resembles, 
on  the  whole,  that  of  the  lower  MarchantiesB  in  its 
general  structure ;  it  has  a  midrib  which  projects 
on  the  under  surface ;   it  is  characterised  by  the 
arrangement  of  the  archegonia,  which  are  borne  in 
dorsal  groups,  not   on  a  receptacle  (indicated  in 
Gorsinia),  but  in  pits,  the  surface  of  which  produce* 
a  dense  growth  of  hairs.    The  sporophyte  is  differ- 
entiated into  foot  and  capsule;    the  wall  of  the 
of  portion  of  thaUus   of      cap«ale  persists  untU  the  spores  are  npe;  some  o£ 
nicda   gUmea  (nat.  size):       the  arohesporial  cells  are  sterile  and,  in  Boschia, 
r  the  dorsal  farrows  of  the       become  elaters. 

lobes; /pporoffonia  develop.  ^he  family  includes  the  two  genera  Corsinia  and 

ing  io  the  reoeptaoles.  Boschia  (Funicularia) :  each  genus  has  but  a  single 

species ;  Coninia  marehantioitUi  is  European ;  D,  Weddeilii  is  found  in  Brazil. 
Fam.  3.  Marehantiea,    The  gametophyte  has  a  well-developed  air-chamber- 
layer  on  the  dorsal  surface ;  the  air-chambers  have  each  a  well-marked  pore, 
which  is  either  simple  or  compound  ;  in  the  higher  forms  the  air-chambers  are 
filled  with  filaments  of  assimilating  cells :  on  the  ventral  surface  are  two  rows 
of  scales  and  two  kinds  of  root-hairs.    The  arcbegonia  are  borne  in  groups  on 
a  receptacle  which  is  either  dorsal,  as  in  the  lower  forms,  or  terminal  on  a 
gametophore,  as  in  the  higher.    The  sporophyte  is  differentiated  into  foot,  seta, 
and  capsule ;  some  of  the  arohesporial  cells  are  sterile,  and  become  elaters. 
The  following  sections  of  Marohantieie  may  be  distinguished  :— 
a.  Attropora  :  characterised  by  the  thickening  of  the  radial  walls  of  the  cells 
surrounding  the  simple  pores  of  the  air-chambers,  in  which  there  is  no  develop- 
ment of  filamentous  assimilatory  tissue.    There  is  no  antheridial  receptacle  in 
Sauteria  and  Glevea,  where  the  antheridia  are  borne  in  a  row  on  the  surface  of 
a  ventral  antheridiophore,  but  it  is  well-developed  and  dorsal  in  Peltolepis ; 
there  is  a  terminal  archegoniophore  in  Sauteria,  with  usually  a  single  ventral 
furrow,  and  in  Peltolepis,  with  two  ventral  furrows ;  but  in  Clevea  there  is  no 
archegoniophore,  but  a  dorsal  stalked  unfurrowed  receptacle. 
Genera :  Sauteria,  Peltolepis,  Glevea. 

6.  Opereiilata :  characterised  by  the  mode  of  dehiscence  of  the  capsule,  the 
upper  third  of  the  wall  being  thrown  off  as  an  operculum :  the  family  includes 
the  genera  Plagiochasma  (Aytonia),  Reboulia,  Dnvalia  (Neesiella),  Grimaldia, 
Fimbriaria  (Hypenantron).  The  pores  are  simple,  and  the  air-chambers  usually 
do  not  contain  filamentous  assimilatory  tissue.  The  archegonial  receptacle  is 
dorsal  and  stalked  in  Plagiochasma  and  Grimaldia ;  in  the  other  genera  it  is 
borne  on  an  archegoniophore  with  a  single  ventral  furrow.  The  antheridial 
receptacles  are  sessile ;  in  Dnvalia  they  are  terminal. 

c.  Targionia,  including  Targionia  and  Gyatbodium.  The  arcbegonia  are 
developed  in  a  sessile  group  at  the  apex  of  a  branch ;  if  one  of  the  arcbegonia 
is  fertilised,  the  further  growth  of  the  branch  is  arrested,  but  if  not,  growth  is 
resumed,  and  the  group  of  arcbegonia  becomes  dorsal ;  the  antheridia  are  borne 
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in  terminal  groups  on  short  ventral  branches.  A  single  sporogoniom  is  de- 
developed  in  each  group  of  archegonia,  and  becomes  enclosed  in  a  periohstium ; 
it  dehisces  by  teeth,  but  in  Gyathodium  a  small  operculum  is  also  formed.  The 
,  pores  of  the  air-chamber  layer  are  simple ;  a  formation  of  filamentous  assimils- 
tory  tissue  in  the  air-chambers  occurs  in  Targionia. 

d.  CompoHta^  including  Fegatella  (Gonocephalus),  Lunularia,  Dumortiera, 
Preissia  (Chomiocarpon),  and  Marchantia ;  characterised  generally  by  the  com* 
pound  (branched)  nature  of  the  gametophore :  however,  the  archegoniophore  if 
unbranched  in  Fegatella,  and  in  Fegatella  and  Lunularia  there  is  no  antheridio- 
phore,  the  male  receptacles  being  sessile  on  the  dorsal  surface  of  the  thallus. 
The  air-chambers  contain  filamentous  assimilatory  tissue ;  the  pores  are  com- 
pound in  Preissia  and  Marchantia;  the  air-chamber  layer  is  degenerate  in 
Dumortien. 

Order  II.  Jungermanniaceae. 

A.  The  Gamstophttb.  On  germination  the  spore  gives  rise  to  a  protonema 
which  may  be  a  solid  ellipsoidal  mass  of  cells  (as  in  Pellia)  with  a  root-hair  at 
one  end  ;  or  a  flattened  plate  of  cells  (Badula,  Frullania) ;  or  a  filament,  some- 
times branched  (Lophocolea,  Ghiloscyphus) ;  however,  the  differences  in  form  of 
the  protonema  are  not  of  great  morphological  importance  since,  in  many  cases, 
flattened  and  filamentous  forms  have  been  found  to  be  produced  from  spores  of 
the  same  plant. 

The  protonema  gives  rise  to  the  adult  shoot  by  the  formation,  either  from  a 
marginal  cell,  if  it  is  flat,  or  from  the  terminal  cell,  if  it  is  filamentous,  of  a 
growing-point  with  a  single  apical  cell. 

The  Morphology  of  the  Adult  Shoot.  The  adult  shoot  may  be  differentiated 
into  stem  and  leaf,  as  in  the  foliote  forms ;  or  undifferentiated,  as  in  the  thai- 
loid  forms.  Its  symmetry  is  generally  dorsiventral ;  the  only  radially  sym- 
metrical, erect-growing  forms  being  Haplomitrium  and  some  species  of  Biella 
(e.g,  R.  helicophyUa  and  Parisii), 

The  morphology  of  Biella  demands  special  notice.  It  is  a  foliose  form,  and 
is  peculiar  in  that  the  stem  bears,  on  one  side,  a  membranous  wing  which  is 
more  or  less  well-developed  in  the  different  species.  Riella  NotarUii  and 
Jieuteri  are  prostrate  dorsiventral  forms,  and  in  them  the  wing  is  on  the  dorsal 
surface  of  the  stem :  R.  Julieophylla  «nd  Paritii  are  radial  and  erect ;  in  the 
latter  both  the  stem  and  the  wing  are  vertical ;  in  the  former  the  wing  is  spir- 
ally wound  round  the  erect  axis. 

Most  of  the  thalloid  forms  (except  Pellia,  Aneura,  Sphierocarpus)  have  a 
distinct  midrib.  The  shoot  bears  numerous  unicellular  root-hairs,  as  also 
club-shaped  glandular  hairs  which  secrete  mucilage,  on  its  ventral  (under) 
surface. 

In  the  dorsiventral  foliose  forms,  the  stem  bears  a  row  of  leaves  on  each  flank, 
and  generally  a  row  of  amphigastria  on  its  ventral  surface ;  amphigastria  are, 
however,  absent  or  rudimentary  in  some  forms  {e.g.  Fossombronia,  Androcrypbia, 
Petalophyllum,  Badula,  Lejeunia  calearea,  Jungermannia  hicuepidaia^  Scapania, 
species  of  Biella,  etc.),  but  are  represented  (except  Badula  and  Lejeunia  eat- 
carea)  by  papillsB  bearing  glandular  hairs.  In  Blasia  there  are  two  rows  of 
amphigastria  as  well  as  ventral  scales.  The  ventral  surface  of  the  shoot  also 
generally  bears  root-hairs,  springing  from  the  superficial  cells  of  the  stem,  but 
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occasionally  from  the  amphigastria  (e,g,  Lejeunia,  Frullania,  Mastigobrynm, 
Lepidoziaf  Lopbocolea,  etc.) :  they  are  absent  in  Trichocolea;  and  in  Bfldqla 
they  are  developed  on  the  convex  surface  of  the  lower  lobes  of  the  lateral 
leaves. 

In  the  radial  foliose  forms,  the  leaves  are  borne  in  three  rows  in  Haplomit*- 
rium,  and  in  two  rows  in  the  radial  species  of  Biella  (helicophylla  and  ParUii) ; 
here  there  is  no  distinction  of  amphigastria.  Boot-hairs  are  absent  in  Haplo- 
mitrium,  their  functions  being  discharged  by  root-like  branches :  in  the  above 
species  of  Biella  the  root-hairs  are  borne  on  the  swollen  basal  end  of  the  stem. 

Papill®  bearing  glandular  hairs,  secreting  mucilage  to  moisten  the  growing- 
point,  are  very  generally  developed ;  they  are  transitory,  and  are  therefore  only 
to  be  found  near  the  growing-point.  In  the  dorsi ventral  forms  they  are  de- 
veloped mainly  on  the  ventral  surface,  either  as  appendages  of  the  amphigas* 

tria  or  (as  men- 
*  tioned  above)  as 

representing 
them  in  those 
forms  in  which 
the  amphigastria 
are  wanting  or 
rudimentary.  In 
the  foliose  forms 
similar  papillao 
are  alsodeveloped 
as  appendafres  of 
the  young  lateral 
leaves ;  notably  in 
the  radially  sym- 
metrical  genutf 
Haplomitrium. 

The  growth  of 
the  shoot  is 
efTf>cted  by  an 
apical  growing- 
point  which  pos- 
sesses (except 
perhaps  in  Blasia 
and  Pellia,  in 
which  there  ap- 
The  apical  cell  of  the 


Fio.  213.— GrowirpT-Point  of  thHllu*  of  Metxgeria  fureaia,  t  Apical 
cpll ;  $'  otc,  nnccessive  segments  ;  m'  in"  xnarfcinal  cells ;  |>'  snper- 
flcial  cell;  ii  cells  of  the  midrib;  c  clavate  hairs,  (x  610:  after 
Strasburger.) 


pears  to  be  a  group  of  initial  cells)  a  single  apical  cell 

thalloid  forms  is  most  commonly  two-flided  (Fig.  243) ;  the  base  is  directed 
outwards,  the  apex  inwards,  and  from  the  two  sides  segments  are  cut  off  alter- 
nately  right  and  left.  The  apical  cell  of  the  foliose  forms,  with  the  exception 
of  Fossombronia  and  Biella  which  have  a  two-sided  apical  cell,  is  a  three-sided 
pyramid ;  its  base  is  directed  outwards,  its  apex  inwards,  one  side  is  ventral 
and  the  other  two  ar«  dorsolateral ;  this  latter  statement  does  not,  of  course, 
apply  to  Haplomitrium.  In  Blasia  and  Pellia  cell-division  in  the  growing- 
point  appears  to  take  place  much  as  in  the  Marchantiaceie. 
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The  normal  mode  of  branobing  in  the  dorsiventral  forms  is  that  which  takes 
place  at  the  growing-point  in  the  plane  of  expansion.  In  the  tballoid  forms, 
&»  also  in  the  foUofie  Fossombronia  and  Blasia,  it  may  be  described  as  diohoto- 
mons  (see  p.  184)  although  the  apical  cell  does  not  undergo  division  so  as  to 
form  the  apical  cells  of  two  branches ;  the  apical  cell  of  the  parent  shoot  per- 
sists, and  that  of  the  branch  is  developed  from  an  adjacent  segment,  either 
before  or  after  farther  division.  When  the  two  shoots  develope  with  equal 
vigour,  the  resulting  branch-system  resembles  a  dichotomy;  but  when  the 
parent  shoot  grows  the  more  vigorously  througbout,  the  branches  arc  lateral 
upon  it  and  the  branch- system  is  a  monopodium  (see  p.  34).  In  the  foliose 
forms  the  mode  of  normal  branching  is  generally  monopodial.  The  apical 
cell  of  a  lateral  branch  is  developed  from  the  lower  (ventral)  half  of  a  dorso- 
lateral segment  cut  off  from  the  apical  cell;  either  from  the  whole  of  the  seg- 
ment, or  from  the  posterior  (basiscopic)  portion  of  it. 

In  the  radial  Haplomitrium,  the  branching  is  monopodfal  and  the  branches 
are  borne  on  all  sides  of  the  stem,  either  in  the  leafy  region  or  on  the  subter- 
ranean parts.  They  are  not  developed  from  the  apical  growing-point,  and  are 
probably  all  adventitious. 

A  development  of  branches  on  the  ventral  surface  is  not  uncommon  either  in 
the  tballoid  (e.g.  Metzgeria,  .8ymphyogyna,  Umbraculum  on  the  midrib)  or  in 
the  foliose  forms  {^.g.  Mastigobryum,  Lepidozia,  Calypogeia,  Jungermannia^ 
[Cephalozia]  bicuspilata^  Lophocolea  bidentafa).  Since  the  origin  of  these 
branches  can  in  some  cases  be  distinctly  traced  {^,g.  Mastigobryum,  Sympbyo- 
gyna)  to  the  apical  growing- point,  and  since  they  are  generally  developed  in 
acropetal  succession  and  in  definite  positions  (in  the  axils  of  the  amphigastria 
of  the  foliose  forms),  they  are  regarded  as  normal  and  not  as  adventitious. 
The  branch-rudiment  does  not,  however,  always  immediately  develope,  but 
may  be  quiescent  for  a  longer  or  shorter  time.  Their  origin  is  frequently  en- 
dogenous. These  ventral  branches  are  generally  more  or  less  modi  tied  sexual 
branches  (gametophores) ;  but  in  Mastigobryum  sterile  branches  occur  which 
are  long  and  delicate,  with  rudimentary  leaves,  and  are  known  as  jlagella. 
Similar  flagella  occur  in  other  foliose  genera,  such  as  Lepidozia  and  Calypogeia  ; 
tliey  are  not,  however,  ventral  branches,  but  modified  lateral  branches. 

Adventitious  branches  are  often  formed  on  the  older  parts  of  the  shoot ;  in 
Metzgeria,  from  marginal  cells  of  the  lamina ;  in  Pellia  and  Sphaerocarpus, 
from  single  cells  of  all  parts  of  the  dorsal,  and  sometimes  also  of  the  ventral 
surface ;  in  Jungermannia  bicuipidata  and  Blssia,  from  cells  of  the  ventral  sur- 
face of  the  stem :  in  LopJiocoUa  bidentataf  from  the  marginal  cells  of  the 
leaves.    Their  origin  is  generally  exogenous,  but  sometimes  endogenous. 

In  many  cases  (e,g.  Blasia,  Spherocarpus,  Lophocolra  bidentata^  Junger- 
mannia biciwpidata)  the  adventitious  branches  become  separated  from  the 
parent,  plaut,  and  develope  into  new  individuals,  thus  subserving  vegetative 
propagation. 

Closely  connected  with  the  adventitious  branching  is  the  formation  of  gemma. 
In  Aneura,  certain  oells  of  the  margin  and  of  the  dorsal  surface  of  the  shoot 
each  become  divided  into  two,  and  the  two  cells  thus  formed  are  set  free  as  a 
bicellular  gemma,  with  probably  a  proper  wall  of  its  own,  by  the  rupture  of  the 
endoping  wall.    In  Blasia,  the  gemmse,  which  are  solid  multioellolar  nearly 
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spherioal  bodies,  are  developed  in  special  receptacles  (oapnles)  situated  on  the 
dorsal  surface  of  the  apex  of  the  shoots ;  their  mode  of  origin  resembles  that  of 
the  gemmiB  of  Marohantia.  In  most  foliose  forms  the  gemmie  are  developed 
from  marginal  cells  of  the  leaves  {e.g,  Jungemumnia  VffUricosa^  Scapania  nemo- 
ro»a)t  or  from  cells  near  the  growing- point  of  the  stem  (e,g.  Jungermanma 
bicu»pidata).  In  these  forms  the  gemnue  are  usoally  oni-  or  bi-cellnlar,  but  in 
Radula  eomplanata  (where  they  are  formed  on  the  leaf^margin)  they  are  flat 
multicellular  plates  of  tissue. 

The  leaves  are  developed,  generally  speaking,  one  from  each  segment  formed 
at  the  growing-point.  In  the  typical  Aorogyne  each  dorso-lateral  segment  gives 
rise  to  a  lateral  leaf,  and  each  ventral  segment  to  a  ventral  leaf  (amphigas- 
trium) ;  though,  as  ahready  mentioned,  the  amphigastria  are  wanting  io  many 
species.    A  characteristic  feature  of  the  leaves  of  this  group  is  that  they  are 


Fi«.  241.— Brnscb«8  of  one  of  the  acro- 

gynouB  JangermiinninceflB,  Pfagiochila  os-  Fio.  245.— Part  of  a  shoot  of  Frul- 

plenioidet,  seen  from  above :  the  leaves  are  lania  dUatata  seen  from  below  (  k  80) : 

saccabons ;  at  the  apex,  two  of  the  shoots  i»l  aaricalate  lower  leaMobes ;  ol  npper 

bear  sporogonfa,  the  one  (b)  havinfir  de-  leaf-lobe;  the  leaves  are  incnboos;  u 

hiseed,  the  other  (a)  being  still  closed ;  p  amphigastriom. 
the  involucre. 

distinctly  bllobed,  at  least  when  young  ;  this  is  due  to  the  fact  that  the  mother- 
cell  of  the  leaf  is  divided  into  two  which  give  rise  to  the  two  lobes.  The  leaves 
are  sessile,  and  their  insertion  is  at  first  transverse  to  the  long  axis  of  the  stem, 
80  that  one  lobe  is  superior  or  dorsal,  the  other  inferior  or  ventral ;  but  by 
subsequent  displacement  it  becomes  oblique.  Since  the  leaves  are  situated 
close  together,  they  thus  come  to  overlap  each  other,  and  this  overlapping  pre- 
sents two  forms :  either  the  posterior  edges  of  the  leaves  overlap  the  anterior 
edges  of  those  next  behind  them  (Fig.  244),  when  the  leaves  are  said  to  be 
succubow ;  or  the  anterior  edges  of  the  leaves  overlap  the  posterior  edges  of 
those  next  in  front  of  them  (Fig.  245),  when  the  leaves  are  said  to  be  incubou§. 
The  growth  of  the  leaf  is  generally  apical  at  first,  and  subsequently  basal. 
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In  some  of  the  fo1io«e  Anaorogyns  (Fossombroniii,  Androcryphia,  Petalo- 
phyllnm)  the  development  of  the  leaves  is  essentially  similar  to  that  of  the 
lateral  leaves  of  the  Acrogynie ;  hat  in  none  of  the  Anaorogyns  is  the  leaf 
bilobed.  Id  Haplomitriom  each  segment  gives  rise  to  a  letd  which  is  developed 
in  the  same  manner  as  those  of  the  Mosses :  in  Biella  each  segment  gives  rise 
to  two  leaves :  in  Blasia  there  are  two  rows  of  lateral  leaves  and  two  rows  of 
amphigastria. 

In  some  epiphytic  forms  {e.g.  Fraflania)  the  lower  lobe  is  somewhat  cap- 
shaped  (Fig.  245).  and  is  termc^l  an  auricula;  it  constitutes  a  receptacle  for 
water.  In  some,  also,  {e,g,  Frollania,  Lejeania,  Scapania),  the  npper  lobes  of 
the  leaves  of  male  fertile  shoots  are  modified  to  constitate  protective  organs  for 
the  antheridia. 

The  leaf-formation  of  Blasia  is  qnite  peculiar,  especially  in  this  respect,  that 
the  first  development  of  the  lateral  leaves  takes  place  in  the  same  plane  as  that 
of  the  stem,  with  a  sabseqaent  slight  obliquity,  so  that  the  leaves  are  inoubous. 
Each  lateral  leaf  bears  at  its  base,  on  the  under  surface,  two  (sometimes  only 
one)  appendages  which  are  termed  auriculie  but  are  not  morphologically  similar 
to  the  auriculffi  mentioned  above  as  occurring  in  Frullania.  The  auricula  of 
Blasia  consists  of  a  cellalar  wall  enclosing  a  cavity,  with  a  narrow  apical  aper- 
ture, from  the  centre  of  the  fioor  of  which  there  springs  a  glandular  hiir 
secreting  mucilage.  Into  this  cavity  filaments  of  Nostoc  (see  p.  284)  make  their 
way,  so  that  it  becomes  filled  with  a  mass  of  this  Alga.  The  hair  then  grows 
out  into  a  number  of  branches,  resembling  root -hairs,  which  ramify  in  the  mass. 
This  symbiosis  (see  p.  278)  appears  to  be  advantageous  both  to  the  Kostoc  and 
to  the  Blasia.  An  auricula  which  does  not  become  infested  with  Nostoc  re- 
mains relatively  small.  The  amphigastria  of  Blasia  are  stalked  and  peltate ; 
they  bear  a  glandular  hair  which  is  situated  at  first  on  the  margin  of  the  am- 
phigasfcrium  at  the  apex,  becoming  gradually  displaced  until  its  insertion  is  at 
the  centre  of  the  free  surface. 

The  texual  argatu  are  generally  borne  on  the  main  axis  and  its  normal 
branches,  but  in  many  cases  {e.g,  Metzgeria,  Mastigobryum,  Calypogeia, 
Lepidozia,  Saccogyna,  Lophocolea,  many  species  of  Jungermannia)  they  are 
confined  to  more  or  less  specialised  ventral  branches  (gametophores).  The 
place  of  development  of  the  arcbegonia  affords  the  basis  for  the  classification 
of  the  JungermanniaceiB  into  the  two  main  groups,  Acrogynss  and  Anacrogyns. 
In  the  former,  which  includes  all  the  foliose  forms  (except  Blasia,  Fossombronia, 
Androcryphia,  Petalophyllum,  Haplomitrium,  Biella),  the  arcbegonia  are  pro- 
duced from  the  apical  cell  and  its  youngest  segments  at  the  growing-poiot ; 
hence  when  the  formation  of  the  arcbegonia  takes  place  on  a  shoot  its  further 
elongation  is  arrested.  In  the  latter  group,  which  includes  all  the  thalloid 
forms  and  the  exceptional  foliose  forms  just  mentioned,  the  arcbegonia  are 
produced  laterally,  on  the  dorsal  surface  in  the  dorsiventral  forms,  on  all  sides 
in  the  radial  forms  (species  of  Biellb,  Haplomitrium) ;  hence  the  growth  in 
length  of  the  shoot  is  not  necessarily  arrested. 

The  arcbegonia  of  the  Acrogynie  ara  borne  either  singly  (Lejeuoia,  Phrag- 
micoma),  or  in  groups  of  two  (Frullania)  or  more  {e.g,  Badnla,  Alicularia, 
Lophocolea).  Each  archegoninm  is  developed  from  a  single  cell;  when  the 
Eichegonium  is  single  it  is  developed  from  the  apical  cell;  when  there  are 
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several  arobegonia,  the  development  of  tbem  begins  in  the  youngest  segment- 
cells  of  the  growing.point.  The  arobegonia  are  surrounded  by  the  leaves  of  the 
apex ;  and  in  most  oases  the  leaves  of  the  last  whorl  are  coherent,  forming 
an  iuvolncre,  surronnding  the  single  archegoniam  or  the  group  of  archegonia. 
In  the  Jangermannies  Geocalycesa  {e  fj.  Calypogeia,  Saccogyna)  the  invo- 
lucre arises  as  an  annular  outgrowth,  forming  a  large  cavity  enclosing  the 
arohegonia;  after  fertilisation,  it  attains  a  relatively  large  size,  and  forces 
itself  partially  into  the  soil  (henoe  the  name  Oeocalyx),  which  may  even  root 
itself. 

The  archegonia  of  the  thalloid  Anacrogjne  are  borne  in  median  dorsal 
groups  :  in  the  dorsiventral  foliose  Anacrogyns  (Blasia,  Fossombronia,  Andro- 
-cryphia,  Petalophyllum),  they  are  borne  pingly  or  in  groups  on  the  dorsal 
surface  of  the  stem,  and  in  the  dorsiventral  BiellesB  singly  on  the  flanks  of  the 
stem:  in  the  radial  Anacrogyns  (Hiella  helicophylla^  Uaplomitrium)  they  are 
borne  singly,  scattered  over  the  whole  length  of  the  stem  as  in  the  former,  or 
confined  to  the  apical  region  as  in  the  latter.  They  are  in  all  cases  provided 
with  some  sort  of  protective  organ.  Among  the  thalloid  Anacrogynce  the  granp 
of  archegonia  is  surrounded,  in  Metzgeria,  Aneura,  and  Psendoneura,  by  an 
involucre  consisting  of  the  short  modified  gametophore  (ventral  in  Metzgeria) ; 
in  Pellia,  Symphyogyna,  and  Sphserooarpus  a  group  (or  each  archegoninni  as 
generally  in  Spbierocarpus)  is  surrounded  by  an  involacre  developed  as  an  out- 
growth of  the  tissue  of  the  fertile  branch ;  in  BI3  ttia,  Morkia,  Umbraculum 
(henoe  termed  Diplomitries)  there  is  a  double  involucre,  generally  resembling 
the  preceding,  but>the  inner  involacre  (perigjnium?),  attains  its  full  develop- 
ment only  after  the  fertilisation  of  an  arcliegooium  of  the  group ;  finally,  in 
Monoclea,  the  archegoninm  becomes  overgrown  by,  and  henoe  sunk  in,  the 
tissue  of  the  ^hoot.  Among  the  foliose  Anaorogyns,  the  archegonia  are 
generally  protected  by  perichfl9tial  leaves,  and  further  by  an  involucre  or 
perigynium  (absent  in  Haplomitrinm)  which  generally  invests  a  single  arche- 
gonium,  and  in  some  canes  (Blasia,  Fossombronia,  Androcrypbia)  is  only 
developed  after  fertilisation.  In  Blasia  the  growth  of  tishue  subsequently  to 
fertilisation  is  so  active  that  the  fertilised  arohegonlum  becomes  completely 
sunk  in  the  tissue  of  the  shoot. 

The  anthMdia  are  borne,  in  all  Jnngermanniaceis  (except  Haplomitrinm)  on 
the  dorsal  surface  of  the  shoot ;  in  Haplomitrinm  they  arA  borne  in  three 
rows  on  the  ^ides  of  the  apical  region. 

In  Riella  heUcophylla  the  antberidia  are  borne  sunk  in  the  tissue  of  the  free 
edge  of  the  membranous  wing.  As  the  symmetry  of  the  plant  is  radial,  it 
presents  no  distinction  of  dorsal  and  ventral  surfaces ;  still  the  position  of  the 
antberidia  in  R,  helicophylla  is  dorsal  by  analogy,  since  in  the  dorsiventral  R. 
Reuterij  tlie  wing,  which  likewise  bears  the  antberidia,  is  an  outgrowth  of  the 
dorsal  surface  of  the  stem  ;  antberidia  have  been  observed  as  yet  only  in  these 
two  species  of  Biella. 

The  antberidia  nre  shortly  stalked  and  are  in  all  cases  provided  with  a  pro- 
tection. In  Metzgeria  the  group  of  antberidia  is  invested  by  an  involucre 
which  consists  of  the  short  modified  ventral  gametophore :  in  the  other 
thalloid  AoacrogynsB.  as  also  in  Androcrypbia.  Blasia,  Petalophyllum,  and 
Biella,  each  antheridium  is  invested  by  an  involucre  which  grows  up  around  it,  so 
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ihat  it  appears  to  be  sunk  in  the  tiesae  of  the  shoot.  In  Fossombronia,  Haplo- 
mitriam,  and  the  Acrogynse,  the  antherldia  are  protected  by  the  leaves  :  in  the 
Acrogyns  the  antberidia  are  borne,  singly  or  several  together,  in  the  axils  of 
leaves ;  and  in  some  forms  (e./;.  Soapania,  Lejeania,  Frallania)  the  upper  lobe 
of  the  protecting  leaf  is  modified  in  form. 

The  dittribuUon  of  tfie$exual  orgaiu  varies  even  in  the  species  of  some  of  the 
genera.  Among  the  Anacrogynae.  Metzgerla,  Pseadoneura,  Morkia,  Umbra- 
ciilam,  Petalophyllum*  Sphierocarpas,  Huplomitrinm,  Blyttia  (generally),  and 
/  iella  helicophyUa^  are  dicecious ;  whereas  Pellia,  Aneura  (some  species), 
Fossombronia,  Symphyogjna,  Androcryphia,  and  Jtiella  Reuterit  are  generally 
monoecioas.  lu  t)ie  moncBoions  forms  the  antheridia  and  archegouia  are 
generally  borne  on  distinct  branches  (diclinoas),  but  sometimes  on  the  rame 
branch  (monoolinous),  as  in  Androcryphia  and  occasionally  in  Blyttia.  When 
a  dor^iventral  shoot  bears  only  antheridia  or  archegouia,  they  are  developed  in 
the  median  line ;  but  when  it  bears  both  organs,  the  aruhegonia  are  median  and 
the  antheridia  lateral. 

The  Acrogynffi  are  generally  monoecious  and  diclinous. 

The  structure  of  tiie  adult  thoot  « f  the  Jangermanuiaces  is  very  simple.  In 
thalloid  forms  which  have  no  midrib,  the  shoot  consists  of  parenchymatous 
cells  forming  a  single  layer  at  the  margin  and  several  layers  (e,g,  Pellis, 
Aneura,  Spliaerocarpus),  in  the  middle  line  of  the  shoot ;  in  those  which  have  a 
midrib  (e.g.  Metzgeria,  Symph\ogyua,  Blyttia,  etc.),  the  midnb  consists  of 
several  layers  of  cells,  whereas  the  laiuiua  consists  of  only  a  single  layer.  lu 
Symphyugyna  and  Blyttia  the  midrib  is  traversed  by  a  strand  of  elongatei 
prosenchymatons  ceUs  having  thickened  and  more  or  less  pitted  walls.  In 
Blasia  the  stem  has  an  aiial  strand  of  elongated  cells  with  delicately  pitted  walls. 

In  the  Acrogynas,  the  stem  generally  consists  of  an  axial  strand  of  relatively 
thin- walled  cells,  surrounded  by  a  cortex  of  narrow  thick-walled  cells;  but  in 
those  forms  which  give  rise  to  endogenous  ventral  branches  (e.g.  Calypogeia) 
the  cortical  cells  of  the  ventral  surface  of  the  stem  are  not  thick- walled.  The 
leaves  are  simply  single  layers  of  similar  cells,  and  have  no  midrib. 

The  root-hain  are,  in  all  cases,  destitute  of  the  peculiar  thickenings  so 
characteristic  of  the  Marchantiaceie. 

B.  The  Spobophtte.  The  course  of  the  development  of  the  sporophyte  is, 
in  its  main  features,  essentially  the  same  throughout  the  Jungermauniaceie. 

The  oospore  is  divided  by  a  transverse  (basal)  wall  into  two  halves,  epibasal 
and  hypobasal.  The  epibasal  coll  gives  rise  to  the  capsule  and  its  stalk  (setn). 
It  divides  transversely,  and  the  longitudinal  divisions  follow  in  both  cells  so 
that  the  epibasal  half  of  the  embryo  consists  of  two  tiers  of  each  consisting  of 
four  cells.  Further  growth  in  length  is  effected  by  the  cutting  off,  by  trans- 
verse  walls,  of  segments  from  the  cells  forming  the  apical  tier  ;  but  this  apical 
growth  is  arrested,  sooner  or  later,  by  the  formation  of  walls  parallel  to  the  free 
surface  (periclinal)  in  the  apical  cell:},  and  also  frequently  in  some  of  those 
below  them,  which  indicate  the  differentiation  of  the  capsule- wall  (atuphi- 
thecium)  from  the  internal  mass  of  cells  (endothecium)  which  give  rise  to  the 
'spores  and  elaters.  The  cells  below  the  capsule  may,  however,  continue  to 
grow  and  divide  transversely,  and  by  means  of  this  intercalary  growth  the  full 
length  of  the  seta  is  attain*  d. 
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Though  the  mode  of  growth  of  the  epibaaal  half  of  the  embryo  is  meat  oom- 
monly  that  described  above,  it  not  infrequently  happens  that  the  growth  of  the 
two  longitudinal  halves  is  unequal,  owing  to  the  faot  that  the  first  longitudinal 
wall  is  not  perpendicular  to  the  basal  wall,  but  is  oblique.  Consequently  the 
apex  is  occupied  by  the  two  cells  of  the  longer  half,  and  in  those  oases  in  which 
the  apical  growth  is  long-continued  the  result  is  that  the  capsule  may  be  de- 
veloped entirely  from  one  longitudinal  half  of  the  embryo.  This  mode  of 
development  has  been  observed  in  Blaaia,  Pellia,  Foseombronia,  Haplomitrium, 
and  Symphyogyna;  in  Fossombronia  and  Symphyogyna  an  embryo  of  this 
kind  appears  to  grow  in  length,  for  a  time  at  lea^t,  by  means  of  a  two-sided 
apical  cell. 

In  many  of  the  Jungermanniaoeie  {e.g.  Pellia,  Lepidozia,  Jungermannia, 
Calypogeia,  Frullania)  the  lower  end  of  the  seta  developes  into  a  bulbous  mass 
of  cells  forming  a  false  foot,  the  upper  margin  of  which  grows  np  so  as  to  form 
a  sheath  round  the  lower  part  of  the  seta  in  some  cases. 

The  development  of  the  hypobasal  portion  of  the  embryo  is  comparatively 
insignificant;  in  most  cases  it  is  merely  a  small  appendage  to  the  lower  end  of 
the  seta.  The  hypobasal  cell  enlarges  somewhat,  without  undergoing  any 
division  {e.g,  Badula,  Madotheca,  Lepidozia,  often  in  PeUia  and  Symphyogyna) ; 
or  it  undercroes  transverse  division  to  form  a  filament  of  two  or  three  cells,  the 
lowest  of  which  becomes  elongated  and  grows  down  among  the  cells  at  the  base 
of  the  archegonium  (e.g.  Metzgeria,  Aneura,  Jungermannia  bieutpidata) ;  or  it 
divides  by  a  longitudinal  wall  into  two  cells  which  grow  out  into  papilUe 
(Frullania  dilatata)^  or,  by  further  division  its  produces  four  papills  (Calypogeia 
Trichomani*) ;  or,  finally,  it  divides  irregularly  to  form  a  small  group  of  oells 
(Blasia).  In  some  forms,  however  (e.g.  Fossombronia,  Petalophyllum,  probably 
also  Sphffirocarpns,  Riella  helicophylla,  Notarisii,  and  Beuteri)^  the  hypobasal 
cell  appears  to  give  rise  to  a  true  foot,  bnlbons  in  form,  comparable  to  that  of 
the  Marchantiese  (see  p.  840). 

In  the  further  differentiation  of  the  capsule,  the  oells  of  the  amphithecinm 
undergo  periclinal  division  so  that  the  wall  eventually  consiiits  of  two  or  more 
(up  to  six)  layers  of  cells ;  though  in  Haplomitrium,  Sphaerocarpus,  and  Biella, 
the  wall  consists  throughout  of  a  single  layer  of  oells.  In  the  wall-cells  annular 
thi(d£enings  are  developed,  which  are  usually  transverse ;  but  in  Haplomitrium 
there  is  a  single  annular  thickening  situated  longitudinally ;  the  oells  are  un- 
thickened  in  Sphsrocarpus  and  Eiella.  The  plants  of  dehiscence  of  the  cap- 
sule, except  in  those  forms  which  dehisce  irregularly  (Riella,  SphsBrocarpos),  are 
marked  out  by  four  longitudinal  rows  of  smaU-celled  tissue  which  correspond 
in  position  with  the  walls  between  the  four  apieal  oells  of  the  growing  embryo. 

The  archesporium,  which  is  co-extensive  with  the  endothecium,  presents 
various  degrees  and  forms  of  differentiation.  In  Biella  and  Spharocarpus  it 
comes  to  consist  of  a  number  of  cubical  cells,  some  of  which  become  the 
mother-cells  of  the  spores,  whereas  the  others  persist  as  unaltered  sterile  cells, 
lu  all  the  other  JungermanniacesB  some  of  the  cells  of  the  endothecium  are 
sterile,  but  they  develope  into  elaters,  becoming  elongated  in  form  and  spirally 
thickened,  having  sometimes  two  spirals  (Haplomitrium,  Plagiochila,  Scapanla, 
Juugermannia,  Lophocolea,  Lepidozia,  Badula,  Fossombronia,  Symphyogyna, 
Blasia,  etc.),  or  only  one  (in  the  Jubule»,  e.g.  Lejeunia,  Frullania,  and  in 
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imenra,  Met2g«ria)^  Tberelatiye  anangdment  of  the  sterile  and  fertile  eeUs,  de- 
pendent upon  the  growth  of  the  oapsole  along  cUfferent  diameters,  varies  some- 
what.   In  the  lower  forms,  the  elongated  arohesphonal  cells  are  arranged  more  or 
less  longitudinally,  either  quite  straight  (e.^.  Fmllania,  Lejeania,  Symphyogyna, 
Umbraonlum),  or  radiating  froon  the  apex  of  the  capsule  (Met^geria,  Aneura), 
or  radiating  from  the  base  of  the  capsule  (Pellia,  Badula) :  whereas  in  the 
higher  forms  (Lepidosia,  Galypogeia,  Jnngermanuia),  these  cells  are  placed 
horizontally  round  a  central  longitudinal  axis,  except  at  the  apex  where  they 
radiate.    In  most  cases  the  sterile  and  fertile  archesporial  cells  are  mingled 
together,  but  in  some  cases  certain  parts  of  the  archesporium  give  rise  especi- 
ally to  spores  and  others  to  elaters.    Thus,  in  Pellia,  the  cells  towards  the  base 
and  those  in  the  longitudinal  axis  of  the  capsule  form  only  elaters,  whereas  in 
Jongermannia  the  formation  of  elaters  is  confined  to  the  cells  near  to  the  wall. 
Whilst  the  development  of  the  embryo  is  taking  place,  growth  is  also  pro- 
ceeding in  the  arohegonium  and  the  adjacent  tissue,  giving  rise  eventually  to 
the  calyptra.     SevenU  of  the  arohegonia  of  a  group  may  be  fertilised,  but 
generally  only  one  gives  rise  to  a  fully  developed  sporogonium,  and  itself  takes 
part  in  the  formation  of  the  calyptra.    The  calyptra  is  sometimes  developed 
from  the  venter  of  the  archegonium  alone  {e,g.  generally  in  the  Acrogyne,  and 
in  Metzgeria,  Fossombronia) ;  in  the  Anaorogynis  the  adjacent  tissue  of  the 
shoot  frequently  takes  part  in  its  formation,  as  is  shown  by  the  fact  that  the 
unfertilised  arehegonia  of  the  original  group  are  found  on  the  sides,  or  even  on 
the  top  of  the  calyptra  {e.g.  Aneura,  Symphogyna).    The  wall  of  the  calyptra 
consists  of  one  or  more  layers  of  cells,  and  keeps  pace  with  the  growth  of  the 
embryo  which  it  encloses  until  the  spores  are  mature.    The  cells  of  the  seta 
then  rapidly  elongate,  causing  the  rupture  of  the  calyptra,  and  the  capsule  is 
exposed.    The  capsule  then  dehisces,  generally  into  four  valves,  sometimes 
irregularly,  and  the  spores  are  set  free. 
•  The  JungermanniaceiB  may  be  classified  as  follows : — 
Series  I.    Anacbogtk2B  :  growth  in  length  not  necessarily  arrested  by  the 
development  of  arohegonia. 
Section  A.    Anelatereas  :  the  sterile  cells  in  the  capsule  do  not  develope 
into  elaters. 
Fam.  1.    EUllea :    including   the   two   genera  Biella   (foliose)  and 
Sphferooarpus  (thalloid);   further  characterised  by  the 
absence  of  annular  thickenings  in  the  cells  of  the  wall 
of  the  capsule,  by  the  irregular  dehiscence  of  the  cap- 
sule, and  (probably)  by  the  development  of  a  true  (hypo- 
basal)  foot. 
Section  B.    ElatereaB :  the  sterile  oeUs  in  the  capsule  develope  into  elaters. 
o.  Thalloid  Forms. 

Fam.  2.    Metzgerie<»:  genera,  Aneura  and  Pseudoneura  (Hiccardia), 
Metzgeria. 
„     3.    DiplomitrUo! :  Blyttia  and  Mdrkia  (Pallavicinia),  Umbra- 
oulum  (Hymenophyton),  Pellia,  Symphyogyna. 
p.  Foliose  Forms. 

FiMU.  4«    Codoniea:     Fossombrouia,    Androcryphia    (Noteroclada), 
Petalophyllum,  Blasia. 
„     5.    Haplomitriea  :  Haplomltrium,  Galobryum. 
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Series  II.    AcitooiNJE :   growth  in  length  arrested   by  the  development  of 
archegouia ;  all  foliose. 
Fam.  6.     Gymnoinitriea:  Gymnomitriom,  Sarooscyphus  (Marsnpella), 
Alicularia  (Nardia),  etc. 
„     7.    Junffermanniea :    Plagioohila,   Jungermannia,    Lophocolea, 

Soapania,  etc. 
„     8.    Oevcalycea :  Sacoogyna,  Calypogeia,  etc. 
„     9.     Trichamanoidea :  Lepidozia,  Mastigobrynm,  etc. 
,,    10.    Ptilidecti :  Tricbocolea,  Ptilidium,  Seudtnera,  etc. 
„    11.     FlafypkylUa :  Radula,  Madotheca. 
,,    12.    JubtUfa  :  Phragmicoma,  Lejeonia,  Friillania»  etc. 
Order  III.     Anthocerotaceae. 

A.    The  Gametopuytk.     The  protooema  developed  from  the  germinatinpc 

spore  is  a  flattened  plate  of  cells;  in  Aothoceros  the  formation  of  the  flattentd 

plate  is  sometimes  preceded  by  the  oatgrowth  of  the  contents  of  the  spore. 

covered  by  the  endosporium,  into  a  filament  at  the  apex  of  which  the  plate  of 

cells  is  developed ;  in  Dendroceros  the  first  cell -divisions  connected  with  the 

formation  of  the  protenema  frequently  take  place  wiihln  the  spores  before  they 

are  i-hed  from  the  sporogonium.     The  adult  shoot 

is    developed    as    a    lateral    out-growth  from  the 

flattened  protonema. 

,  TJie  Muipholoyy  of  tlie  adult  nJu>ot.     The  adult 

shoot  is  thalloid,  and  its  symmetry  is  dorsiventral. 

It  is  semi- circular,  or  nearly  circular,  in  outline  in 

Anthoceros  and  Notothylas;  but  in  Pendroceros  it 

is  elongated  and  branched,  in  which  genus  it  has  a 

strongly  developed  midrib  which  projects  especially 

Fio.  2iQ.—AnthoceroB  havit      on  the  ventral  (under)  surface.    There  are  no  ven- 

(nat.  bize).  K  The  capsules,       ^^^j  g^j^g  ^^  ^j^e  Under  smface,  but  numerous  uni- 

some  as  yet  uuopened.  .,   ,  x  i.    • 

cellular  root-hairs. 

The  growth  of  the  shoot  is  effected,  in  Anthoceros  and  Notothylas,  by  a  series 
of  marginal  growing-points ;  in  Dendroceros,  by  a  growing-point  at  the  apex  of 
the  main  shoot  and  of  each  of  its  branches.  In  the  growing-point  there  is  a 
row  of  initial  celli),  each  of  which  acts  as  an  apical  cell ;  their  form  is  wedge- 
shaped  in  Anthoceros,  dorsal  and  ventral  segments  being  alternately  cut  off  by 
the  formation  of  oblique  walls;  in  Dendroceros  their  form  is  nearly  hemi- 
spheral,  the  base  being  internal,  and  segments  are  cut  off  by  the  successive 
formation  of  transverse  waUs  at  right  angles  to  the  long  axis  of  the  shoot. 

Branching,  or  at  least  the  formation  of  new  growing-points,  takes  place  in 
the  manner  described  for  the  Marchantiaces  (p.  184). 

The  sexiuil  organs  are  developed  from  the  dorsal  segments  formed  in  the 
growing-point,  and  are  situated  in  the  middle  line  behind  each  growing-point 
in  Anthoceros  and  Notothylas.  on  the  midrib  in  Dendroceros.  The  antberidia, 
which  have  a  long  stalk  in  Dendroceros,  are  developed  endogeuously,  and  remain 
enclosed  in  the  tissue  until  maturity ;  they  are  developed  either  singly  (some 
species  of  Anthoceros,  Dendroceros)  or  in  groups.  The  archegonia  are  sunk  in 
the  tissue,  the  apex  of  the  neck  reaching  to  the  dorsal  surface  of  the  shoot. 
The  shoots  arc  uiona^cious ;  tt.e  sexual  organs  are  sometimes  intermingled  in 
the  same  group  (frequently  in  Anthoceros). 
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In  exceptional  eases  the  antheridia  of  Anthoeeros  may  be  developed  at  the 
snrfaoe,  i,e,  ezogeDoasly. 

The  gtructwre  of  the  adult  shoot.  The  aduli  shoot,  in  Anthoeeros  and 
Notothylas,  eonsists  of  several  layers  of  cells  in  the  middle  line,  thinning 
out  to  a  single  layer  of  cells  at  the  margins.  The  tissue  in  the  middle  line 
consists  of  longitudinally  elongated  eells,  the  walls  of  which,  especially  in  the 
older  parts  of  the  shoot,  frequently  present  reticulate  or  even  spiral  thickening. 
In  Dendroceros  there  is  a  prominent  midrib,  on  each  side  of  which  is  attached 
a  laminar  portion,  consisting  of  a  single  layer  of  cells ;  in  some  species  there 
are  no  intercellular  spaces,  but  in  others  there  are  air-chambers  in  the  mid- 
rib, which  give  to  its  surface  the  areolated  appearance  so  well-marked  in  the 
MarchantiacesB  (see  p.  338). 

A  characteristic  structural  feature  is  the  presence  of  apertures  of  the  nature 
of  pores  in  the  superficial  layer  of  those  parts  of  the  shoot  which  consist  of 
several  layers  of  cells.  They  occur  generally  only  on  the  under  (ventral)  sur- 
face of  the  shoot,  but  in  some  species  of  Dendroceros  (D,  javanicue,  critpatusy 
Breutelii)  they  are  present  on  the  dorsal  surface  also.  The  pore  is  bounded 
by  two  guard-cells,  formed  by  the  division  of  one  of  the  superficial  cells.  It 
leads  into  a  cavity  which  is,  from  the  first,  filled  with  mucilage.  Into  this 
cavity  the  Alga  Nostoc  obtains  access  through  the  pore,  and  there  grows  and  ' 
multiplies.  The  growth  of  the  Nostoc  in  the  cavity  is  accompanied  by  active 
growth  of  the  cells  of  the  surrounding  tissue,  so  that  the  whole  mass  projects 
from  the  surface  of  the  shoot,  and  the  guard-cells  grow  and  divide,  so  that  the 
cavity  becomes  completely  closed.  At  the  same  time,  filamentous  septate  out- 
growths arise  from  the  cells  of  the  wall  of  the  cavity,  which  ramify  throughout 
the  mucilaginous  mass  (comp.  Blasia,  p.  847). 

The  chloroplastids  of  the  Anthocerotacesa  are  peculiar,  on  account  of  their 
relatively  large  size,  and  of  the  fact  that  they  occur  singly  in  the  cells  and  con- 
tain a  pyrenoid  (see  p.  100). 

B.  The  Spobophytk.  The  early  stages  in  the  development  of  the  sporophyte 
of  the  Anthocerotaceffi  appear  to  be  much  the  same  as  in  the  case  of  other 
Liverworts  (Fig.  239  C7).  The  oospore  divides  transversely  into  an  epibasal  and 
a  hypobasal  half :  and  each  of  these  divides  by  two  perpendicular  walls  so  that 
the  embryo  consists  at  this  stage  of  eight  cells.  The  cells  of  the  epibasal  half 
divide  transversely  several  times,  and  then  further  apical  growth  in  length  is 
arrested  by  the  formation  of  peridinal  walls,  marking  the  differentiation  of 
amphithecium  and  endothecium,  first  in  the  four  apical  cells,  and  subsequently 
in  those  below  them.  By  the  repeated  formation  of  peridinal  walls,  the  amphi- 
thecium comes  to  consist  of  several  layers  of  cells.  The  hypobasal  cells  under- 
go but  few  divisions,  giving  rise  to  a  bulbous  foot,  the  superficial  cells  of  which 
grow  out  into  papillsd  and  penetrate  between  the  cells  of  the  adjacent  tissue  of 
the  gameiophyte. 

The  details  of  the  differentiation  of  the  epibasal  portion  of  the  embryo  vary 
considerably.  In  Anthoeeros  and  Dendroceros  (Figs.  238, 239)  the  archesporium 
is  developed  from  the  innermost  layer  of  cells  of  the  amphithecium,  a  peculi- 
arity, the  only  other  instance  of  which,  in  the  Muscineie,  is  to  be  found  in  the 
SphagnacesB  (p.  331) :  the  endothecium  gives  rise  to  an  axial  strand  of  sterile 
tissue,  termed  the  columella,  which  is  completely  invested  (except  at  the  base, 

T.  S.  B.  A  A 
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where  it  is  oontinnoua  with  the  tissue  of  the  foot)  hy  the  archesporiom.  In 
Notothylas,  the  archesporium  is  commonly  co-extensive  with  the  endothecinm ; 
hut  in  some  forms  the  archesporium  is  developed  from  only  the  external  layer 
of  the  endotheoium,  the  rest  of  the  endotheoium  constituting  a  columella  (as  in 
the  Bryiness  among  the  Musci). 

In  all  three  genera  some  of  the  cells  derived  from  the  archesporium  are 
sterile.  In  Dendroceros  these  cells  develope  into  elaters  with  spiral  thidien- 
ings,  each  elater  consisting  of  a  row  of  several  cells  with  an  apparently  con- 
tinuous spiral  band.  In  some  species  of  Anthooeros  (e.g.  vicentianust  glganUus, 
etc.,  constituting  the  subgenus  Anthocerites)  there  are  elaters  quite  similar  to 
those  of  Dendroceros:  in  other  species  {e.g.  tuberculatus,  glandulonis)  the 
elaters  have  the  same  form,  but  they  have  no  spiral  band ;  in  others  (lacU^ 
punctatits)  the  sterile  cells  do  not  form  distinct  elaters,  but  a  network  of  abort 
cells,  with  spiral  thickening,  in  the  meshes  of  which  lie  the  mother-cells  of  the 
spores.  In  Notothylas  the  sterile  cells  do  not  develope  into  elaters  ;  they  are 
80  arranged  as  to  form  chambers,  in  which  lie  the  mother-cells  of  the  spores. 

The  sporogonium  of  Anthoceros  and  Dendroceros  has  no  seta ;  when  the 
apical  growth  has  ceased,  the  capsule  continues  to  elongate  by  basal  growth, 
and  hence  does  not  ever  become  fully  m^ure  throughout.  In  Notothylas  the 
sporogonium  has  a  short  seta,  and  elongates  by  intercalary  growth,  the  grow- 
ing-point being  situated  at  the  junction  of  the  capsule  with  the  seta ;  but  the 
intercalary  growth  is  of  limited  duration,  so  that  the  whole  capsule  becomes 
mature  throughout,  and  frequently  becomes  disconnected  from  the  seta.  The 
pod-shaped  capsule  of  Anthoceros  and  of  Dendroceros  splits  from  the  apex 
into  two  valves  (Fig.  246).  Stomata  occur  in  the  epidermis  of  the  capsule  in 
most  species  of  Anthoceros,  but  they  appear  to  be  wanting  in  the  other  genera. 

Since  the  archegonia  are  sunk  in  the  tissue  of  the  shoot,  the  calyptra,  which 
invests  the  developing  embrjo,  is  developed  mainly  from  the  surrounding 
tissue,  and  only  to  a  small  extent  from  the  wall  of  the  arohegonium. 


CLASS   IV.    MUSCI  (Mosses). 

A.  The  Gametophytb.  The  profonema  is  more  conspicaons  in . 
the  Musci  than  in  the  Hepaticee :  it  sometimes  persists  nntil  the 
sporogonia  are  developed  and  the  spores  are  ripe  (e.g.  Ephemerum), 
and  in  many  cases  the  sabterranean  portion  persists  from  year  to 
year.  It  is  g^enerally  filamentous  and  much  branched ;  but  in 
some  forms  it  is  a  flattened  expansion  (e.g.  Sphagnum,  AndresBa), 
or  cylindrical  branched  and  shrubby  (Andreaea),  or  it  bears  lateral 
flattened  expansions  which  are  assimilatory  organs  "(e.g.  Andrea?a, 
Tetraphis,  et<5.).  The  filamentous  protonema  consists  of  a  sub- 
aerial  and  of  a  sabterranean  portion,  which  differ  in  that  the  cells 
of  the  former  contain  chloroplastids,  their  walls  are  colourless, 
and  the  septa  are  transverse ;  whereas  those  of  the  latter  do  not 
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contain  cliloroplastids,  and  their  walls  are  brown  and  their  septa 
oblique.  The  protonema  presents,  in  fact,  a  certain  differentiation 
into  shoot  and  root,  the  term  rhizoids  being  applied  to  the  root-like 
filaments.  This  differentiation  is,  however,  of  little  morphological 
value,  since  the  differences  between  the  shoot-  and  root-filaments 
depend  entirely  on  external  conditions :  thus,  if  the  rhizoids  be 
exposed  to  light  they  assume  the  characters  of  the  subaerial 
filaments.  In  Andreaea  the  differentiation  is  altogether  wanting. 
The  flattened  protonema  of  Sphagnum  bears  rhizoids  on  its 
margins  and  under  surface. 

The  growth  in  length  of  the  protonemal  filaments  is  apical :  the 
terminal  cell  behaves  as  an  apical  cell  from  which  segments  are 
successively  cut  off  by  transverse  or  oblique  walls. 

The  Adult  Shoot  arises  as  a  lateral  bud  on  the  subaeiial  portion  of 
the  protonema.  In  some  cases  (Bryineae)  the  subterranean  portion 
gives  rise  to  lateral  buds :  these  are  small,  spherical  or  lenticular, 
multicellular  bodies  of  a  brown  colour,  filled  with  reserve  materials, 
and  are  termed  bulbils;  when  they  are  brought  to  the  surface 
they  give  rise  to  adalfc  shoots,  either  directly  or  with  the  interven- 
tion of  protonema. 

The  adult  shoot  is  in  all  cases  differentiated  into  stem  and 
leaves,  and  may  be  branched  or  unbranched.  Its  symmetry  is 
commonly  radial  or  isobi lateral,  less  commonly  dorsi ventral.  In 
the  former  case  it  is  attached  to  the  soil  by  rhizoids  springing 
from  its  basal  portion  ;  in  the  latter,  by  rhizoids  developed  on  its 
under  surface.  In  Sphagnum,  rhizoids  occur  only  on  young 
shoots. 

The  growth  of  the  adult  shoot  (and  its  branches)  is  affected  by 
means  of  an  apical  growing-point  with  a  single  apical  cell  which 
is  generally  a  tbree-sided  pyramid :  in  Fissidens,  however,  though 
the  subterranean  shoots,  and  in  some  species  the  subaerial  lateral 
shoots,  have  a  three- sided  apical  cell,  yet,  under  the  influence  of 
light,  the  apical  cell  eventually  becomes  two-sided. 

Each  segment  cut  off  from  the  apical  cell  gives  rise  to  a  leaf : 
hence  the  arrangement  of  tl*e  leaves,  and  the  symmetry  of  the 
shoot,  is  generally  determined  by  the  form  of  the  apical  cell. 
Thus  in  Fissidens,  the  leaves  are  arranged  in  two  rows  and  the 
symmetry  of  the  shoot  is  isobilateral :  in  other  cases  (e.g,  Fontin- 
alis)  the  leaves  are  in  three  rows,  and  the-  symmetry  of  the  shoot 
is  radial.  But  to  this  rule  there  are  exceptions.  Thus,  in  the 
sterile  shoots  of  Schistostega,  although  the  apical  cell  is  three- 
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sided,  the  leaves  are  arranged,  in  consequence  of  subsequent  dis- 
placement, in  two  rows,  and  the  symmotrj  of  the  shoot  is  isobi- 
lateral.  Again,  in  Sphagnum,  Poljtrichum,  Andreroa,  etc.,  the 
leaves  are  not  arranged  in  three  rows  with  a  divergence  of  ^,  but 
spirally  with  divergences  of  f ,  -J,  etc.,  because  the  walls  of  the  seg- 
ments cut  off  successively  from  any  one  side  of  the  three-sided 
apical  cell  are  not  parallel  to  each  other,  but  are  inclined  at  an 
angle.     The  symmetry  of  the  shoot  is,  however,  radial. 

Branching  is  confined  to  perennial  shoots,  and  is  lateral,  never 
dichotomous.  When  the  growth  of  the  main  shoot  is  arrested 
by  the  formation  of  sexual  organs  at  the  apex  (acrocarpous),  one 
(or  more)  of  the  lateral  branches  (termed  innovations)  close  behind 
the  apex  assumes  the  characters  of  the  main  shoot  and  carries  on 
the  growth  :  the  resulting  branch-system  is  cymose,  either 
sympodial  or  dichasial  according  to  the  number  (one  or  more)  of 
the  innovations  at  each  branching.  When  the  growth  of  the 
main  stem  is  not  thus  arrested,  the  sexual  organs  being  borne 
on  lateral  branches  (j^leurocar^ous),  the  branch-system  is  mono- 
podial  and  racemose. 

The  branches  (except  the  innovations)  frequently  differ  in 
various  ways  from  the  primary  shoot.  Thus,  in  Sphagnum  and 
other  pleurocarpous  Mosses,  the  leaves  of  the  branches  differ  in 
size  and  shape  from  those  of  the  primary  shoot :  in  other  forms 
(e.g.  Thuidium)  the  lateral  branches  have  limited  growth. 

The  development  of  the  branches,  though  never  axillary,  is 
intimately  connected  with  the  ari-angement  of  the  leaves,  since 
the  apical  cell  of  a  branch  is  developed  from  the  same  segment  as 
the  corresponding  leaf.  Each  branch  is  developed  beneath  the 
corresponding  leaf,  either  in  the  median  line  {e.g.  Fontinalis),  or 
on  one  side  of  it  (e.g.  Sphagnum).  However,  a  bi*anch  is  not 
developed  in  connexion  with  each  leaf. 

In  most  cases  the  adult  shoot  does  not  present  any  differentia- 
tion into  a  vegetative  and  a  reproductive  portion  (gametophore), 
but  snch  a  differentation  is  to  be  found  in  certain  forms.  Thus, 
in  Splachnum,  the  male  organs  are  borne  upon  a  leafless  prolonga- 
tion of  the  shoot :  ag^in  in  Schistostega  the  fertile  and  the  sterile 
shoots  differ  from  each  other  in  form  ;  the  sterile  shoot  is  leafless  at 
the  base,  but  from  the  middle  upwards  it  bears  two  rows  of  leaves 
inserted  longitudinally,  so  that  the  shoot  resembles  a  small  fern- 
leaf  ;  the  fertile  shoot  bears  at  its  upper  part  a  tuft  of  leaves  in 
five  rows,  inserted  obliquely  or  transversely,  whilst  the  lower  part 
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18  eitlier  leafless  or  bears  a  few  leaves  like  those  of  the  sterile 
shoot. 

In  Sphagnum  and  Andreeea,  the  apex  of  the  female  shoot  grows 
ODt,  after  fertilisation  of  the  archegonium,  into  a  long  leafless 
shoot  termed  a  pseiidopodtum,  which  bears  the  sporogonium  (here 
destitute  of  a  seta)  at  its  apex.  In  Aulacomnium  and  Tetraphis 
there  is  a  somewhat  similar  terminal  shoot,  likewise  termed  a 
pseudopodium,  which  bears  at  its  apex  a  cluster  of  gemmae. 

The  Leaves  present  considerable  variety  in  size  and  form  (hetero- 
phylly,  see  p.  67)  :  they  may  be  divided,  in  the  first  instance,  into 
foliage-leaves  and  involtccral  leaves. 

The  foliage- leaves  are  simple  and  sessile;  they  are  usually 
inserted  transversely  on  the  stem,  and  are  closely  packed.  They 
are  generally  larger  towards  the  upper  than  towards  the  lower 
part  of  the  shoot.  In  most  pleurocarpons  Mosses  the  leaves  of  the 
lateral  branches  differ  more  or  less  from  those  of  the  main  stem. 
In  some  forms  (e.g.  Bryum  roseum^  Climacium,  etc.),  where,  the 
branches  take  the  form  of  creeping  runners  or  stolons,  the  leaves 
of  these  branches  are  reduced  to  scales  (cataphyllary  leaves). 

The  involucral  leaves  are  arranged  in  one  or  more  whorls, 
forming  an  involucre  round  the  sexual  organs.  Those  suiTounding 
a  group  of  male  organs  are  commonly  larger  than  the,  foliage- 
leaves,  and  in  some  cases  (e.g.  PolytrichacesB)  are  coloured  red  or 
yellow.  Those  surrounding  a  group  of  female  organs  differ  but 
little  from  the  foliage-leaves :  the  more  internal  leaves  are  smaller 
than  the  external :  the  innermost  leaves,  distinguished  as  perichoB" 
tial  leaves f  are  quite  rudimentary  when  the  archegonia  are  mature, 
but  after  fertilisation  has  taken  place  they  grow  up  round  the  base 
of  the  seta  of  the  sporogonium. 

The  Sexual  Organs  are  borne  in  groups  (rarely  singly)  at  the  apex 
either  of  the  main  shoots  (acrocarpous),  or  of  lateral  branches 
(pleurocarpons),  surrounded  by  involucral  leaves,  each  group  with 
its  involucre  constituting  a  receptacle.  Generally  speaking  the 
-growth  of  the  shoot  or  branch  ceases  with  the  development  of  the 
sexual  organs,  the  apical  cell  itself  giving  rise  to  an  antheridium 
or  an  archegonium ;  but  in  some  male  receptacles  (e.g.  Poly  trichacese 
and  some  other  Bryineae,  also  Sphagnum)  the  apical  cell  persists  as 
such ;  consequently  the  elongation  of  the  shoot  or  branch  is  not 
necessarily  arrested  by  the  development  of  the  antheridia,  and 
appears  to  grow  through  the  receptacle. 

Among  the  sexual  organs  there  are  usually  present  multicellular 
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hairs,  termed  paraphyses :  they  are  often  filamentous,  but  in  some 
cases  (e.g.  male  receptacle  of  Funaria)  the  terminal  cells  are  lar^e 
and  rounded ;  they  are  hyaline,  or  coloured  red  or  yellow,  some< 
times  brownish,  and  the  cells  frequently  contain  chloroplastids. 
They  are  more  numerous  and  more  highly  developed  in  the  male 
than  in  the  female  receptacles ;  they  are  rarely  absent  in  plants 
which  grow  in  dry  situations,  but  frequently  in  those  forms  which 
grow  in  water  or  in  damp  places.  Their  function  seems  to  be  that 
of  secreting  water  to  prevent  the  drying- up  of  the  sexual  organs. 

The  antheridia  are  generally  club-shaped  (spherical  in  Sphag- 
num), and  are  shortly  stalked  (see  Fig.  233) ;  the  base  of  the 
stalk  is  dilated  in  some  cases  (e.g.  Andreeea),  The  antheridia 
generally  open  at  the  apex  to  allow  the-spermatozoids  to  escape. 
The  archegonia  are  stalked ;  the  neck  is  long,  and  the  venter  is 
but  slightly  dilated  (Fig.  235). 

The  distribution  of  the  sexual  organs  is  various.  The  plant  may 
be  monoecious  (i.e.  may  bear  both  kinds  of  sexual  organs),  or  it 
may  be  dioecious :  amongst  the  monoecious  forms  may  be  distin- 
guished those  which  are  monocliruytiSj  that  is,  which  have  both  male 
and  female  organs  in  the  same  receptacle  (e.y.  Bryum  lacuatre, 
cuspidatum,  etc.),  the  archegonia  being  in  the  middle ;  and  those 
which  are  diclinous,  that  is,  which  bear  the  male  and  female  organs 
in  distinct  receptacles:  sometimes  (e.g.  Bryum  pendulum^  arciicum, 
etc.)  the  plants  are  heteroclinotis  or  polygamous^  that  is,  some 
receptacles  are  hermaphrodite,  whilst  others  are  unisexual.  In 
the  dioecious  species  the  male  plant  is  usually  the  smaller,  and  is 
short-lived.  In  some  species  the  plants  are  sometimes  monoecious 
(either  monoclinous  or  diclinous)  and  sometimes  dioecious. 

The  Structure  of  the  Adult  Shoot.  The  stem  presents  more  or 
less  well-marked  histological  differentiation.  The  outer  portion  - 
generally  consists  of  one  or  more  layers  of  elongated  prosenchy- 
*matous  cells,  with  thickened  walls  which  are  yellow  or  brown, 
forming  the  cortex  which  passes  by  gradual  transition  into  thin- 
walled  parenchymatous  ground-tissue  ;  in  the  subterranean  shoots 
of  the  Polytrichaceae,  however,  the  cortex  is  pai^nchymatous  and 
thin-walled,  whilst  the  central  tissue  is  thick-walled. 

In  many  species  a  central  strand,  lying  in  the  longitudinal  axis 
of  the  stem,  can  be  distinguished,  the  structure  of  which  presents 
two  principal  varieties;  it  may  be  simple,  consisting  of  a  group  of 
thin- walled  tracheides,  destitute  of  protoplasmic  cell-contents  (e.g. 
species  of  Mnium,  Meesia  longiseta,  Archidxum  altemifolium) ;  or  it 
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IB  compound,  consisting  of  a  group  of  thick-walled  iracbeides,  or 
of  several  groups  of  thin- walled  tracheides  with  intervening  paren- 
chymatous or  prosenchjmatous  cells,  surrounded  by  several  layers 
of  thin-walled  elongated  cells  with  oblique  ends,  containing  abun- 
dant protoplasm  and  starch-grains  (e.^.  Polytrichaceso).  This  cen- 
tral strand  is,  in  fact,  a  rudimentary  vascular  stele  :  the  tracheides, 
though  unlignified,  represent  the  wood  or  xylem :  in  the  simple 
form,  the  phloem  is  unrepresented ;  in  the  compound  form  it  is 
represented 'by  the  elongated  cells  which  surround  the  xylem. 

The  degree  of  development  of  the  xylem  of  the  central  strand 
is  dependent  upon  external  conditions.  It  is  well  developed  in 
those  forms  {e,g,  Polytrichum,  Brynm,  Phascum,  Funaria, 
Fissidens,  Meesia,  Splachnnm)  which  grow  under  such  conditions 
that,  whilst  transpiration  is  active,  an  adequate  supply  of  water 
can  be  absorbed.  It  is,  on  the  contrary,  rudimentary  or  absent  in 
those  forms  which  (a)  live  under  conditions  in  which  they  are 
liable  to  be  dned  up  {e,g,  Hypnum,  Barbula,  Orthotrichum,  etc.)  ; 
or  (6)  which  grow  in  very  wet  situations,  or  actually  in  water  {e.g. 
Sphagnum,  Fontinalis,  etc.). 

The  structure  of  the  leaves  shows  considerable  variety.  Most 
commonly  the  leaf-blade  consists  of  a  single  layer  of  cells,  con- 
taining chloroplastids,  with  or  without  a  midrib.  In  the  midrib  of 
those  forms  which  have  a  central  strand  in  their  stems,  there  are 
one  or  more  rudimentary  vascular  bundles  of  a  structure  corres- 
ponding to  those  in  the  stem.  These  bundles  enter  the  stem  as 
leaf-traces,  and  either  end  blindly,  or  join  the  central  strand  of  the 
stem.  The  rest  of  the  midrib  is  made  up  chiefly  of  thick-walled 
prosenchymatous  cells. 

The  most  remarkable  deviations  from  the  usual  structure  of  the 
lamina  are  those  offered  by  the  Sphagnacete  and  the  Polytrich- 
aceoe.  In  the  Sphagnacees  the  constituent  cells  are  of  two  kinds  : 
large  empty  cells  with  perforated  walls  (see  infraj  p.  364),  and 
small  cells  containing  chloroplastids.  In  the  PolytrichaceoB,  the 
assimilatory  tissue  is  borne  on  the  surface  of  the  broad  midrib  in 
the  form  of  numerous  longitudinal  plates,  one  cell  thick.  Some- 
thing similar  occurs  in  Aloina  (Aloidella)  and  some  other  form&, 
where  the  upper  half  of  the  inner  surface  of  the  leaf  is  covered 
with  hairs,  the  cells  of  which  contain  many  chloroplastids. 

The  rhizoids  which  spring  from  the  shoot  are  essentially  similar 
to  those  of  the  protonema:  in  tho  Polytrichaoeae  they  become 
wound  together  into  strands. 
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The  gametophyte  of  the  Musci  possesses  a  remarkable  capacitj 
for  vegetative  propagation.  Thus  the  perennial  protonema  of  many 
species  serves  year  by  year  to  pixxiuce  new  adnlt  shoots  which,  nbt 
unfreqnently,  become  distinct  plants.  In  the  plearocarpous  forms 
(e.g.  Sphagnum,  Hypnum)  the  main  axes  gradually  die  away  from 
behind,  the  lateral  branches  becoming  isolated,  and  constituting 
the  main  axes  of  new  plants.  In  probably  the  majority  of  the 
Musci  almost  any  portion  of  the  body,  a  piece  of  stem  or  a  leaf, 
will,  under  proper  conditions,  grow  out  into  protonemal  filaments, 
which  give  rise  to  adult  shoots  in  the  usual  manner.  In  certain 
species,  belonging  to  the  BryinesB  (Aulac<minium  palustre.  A,  andro* 
gynum,  TetraphU  pellticida),  multicellular  gemmsB  are  produced  at 
the  apex  of  the  stem,  either  free  or  enclosed  in  a  cupule  (Tetra- 
phis).  In  Aulacomnium  palustrs  the  gemmsB  appear  to  be  modified 
leaves;  in  A.  androgynam  and  in  Tetraphis  the  gemmae  are 
smaller,  and  consist  of  but  few  cells ;  in  Tetraphis  they  are  borne 
on  long  stalks.  On  being  placed  under  favourable  conditions,  the 
cells  of  the  gemma  grow  out  into  protonema. 

B,  The  Sporophtte.  The  oospore  divides  into  two  by  a  wall 
(basal  wall)  transverse  to  the  long  axis  of  the  archegonium :  from 
the  epibasal  half  is  developed  the  capsule  (theca)  and  its  long  or 
short  stalk  (seta),  whilst  the  hypobasal  half  gives  rise  to  a  more  or 
less  well-developed  foot :  the  whole  being  termed  the  sporogonium. 

The  segmentation  of  the  oospore  into  octants  (see  p.  329)  is 
confined  to  the  epibasal  cell,  and  even  this  can  only  be  traced  in 
Sphagnum,  which  in  this  respect  resembles  the  Liverworts.  In 
the  other  Mosses,  the  epibasal  cell  undergoes  one  or  more  trans- 
verse divisions,  after  which  two  oblique  walls,  cutting  each  other 
at  an  acute  angle,  are  formed  in  the  terminal  cell ;  the  cell  marked 
out  by  these  two  oblique  walls  is  a  two-sided  apical  cell  by  the . 
growth  and  segmentation  of  which  the  further  development  of 
the  embryo  is  efEected. 

At  an  early  stage  in  the  differentiation  of  the  capsule  (see  Fig. 
238  B)  the  amphitheciuniy  consisting  of  one  or  moi-e  layers  of  cells, 
can  be  distinguished  from  the  endothecium.  The  amphithecium 
constitutes  eventually  the  wall  of  the  capsule ;  the  internal  tissues 
being  formed  for  the  most  part  from  the  endothecium. 

The  archesporium  becomes  differentiated  in  various  positions 
within  the  young  capsule.  It  is  differentiated,  in  the  Sphagnaceie, 
from  the  innermost  layer  of  the  amphithecium ;  in  the  AndrecBaceae 
and  BryinesB,  from  the  external  layer  of  the  endothecium :  in 
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Archidimn  there  is  no  archesporial  layer,  but  the  sporogenous  cells 
are  scattered  throughout  the  endotheciura.  The  cells  which  bound 
the  archesporinm  on  each  side  constitute  the  spore-sac.  The  endo- 
thecial  tissue  which  lies  internally  to  the  archesporinm  constitutes 
the  columella.  In  the  Sphagnaceae  and  Andreseaceee  the  arche- 
sporium  is  a  hollow  hemisphere  covering  the  top  of  the  columella 
like  a  cap  ;  in  the  Bryineae  the  archesporinm  is  a  hollow  cylinder 
surrounding  the  columella  which  extends  to  the  apex  of  the  cap- 
sule. In  Archidium  and  in  the  BryineeD  a  large  intercellular  space 
is  developed  in  the  amphitheciam,  between  its  outer  and  its  two 
inner  layers  ;  in  most  Polytrichaceee  a  similar  intercellular  space  is 
developed  in  the  endothecium  internally  to  the  spore-sac,  between 
it  and  the  central  portion  of  the  columella. 

At  maturity  the  internal  cells  of  the  capsule  become  dry  and  dis- 
organised, so  that  it  simply  contains  the  spores  which  now  lie  loose 
in  its  cavity.  It  dehisces  by  the  throwing  ofF  of  its  apical  portion 
as  a  lid  or  operculum  in  Sphagnacese  and  the  higher  Bryineee  (Stego- 
carpse)  ;  or  by  longitudinal  fissures,  as  in  Andreoeaceas  ;  or  it  rup- 
tures irregularly  or  simply  decays,  as  in  Archidium  and  the  lower 
BryineaB  (Cleistocarpse).  In  the  higher  Bryineae  the  mouth  of  the 
dehisced  capsule  bears  a  fringe,  the  peristome,  the  development  and 
structure  of  which  will  be  described  subsequently  (p.  368) . 

The  basal  portion  of  the  capsule,  where  it  joins  the  seta,  is 
termed  the  neck.  In  the  PolytrichaceeB  the  neck  is  considerably 
dilated,  as  also  in  various  species  of  Splachnum  (e.g.  S.  sphcericum^ 
vasculosum^  etc.)  whilst  in  Splachnum  Inteum  and  rubrum  it  grows 
out  into  an  nmbrel la-shaped  structure.  When  the  neck  is  thus 
markedly  developed  it  is  termed  the  apophysis. 

The  histological  differentiation  of  the  sporogonium  is  well- 
marked.  There  is  a  well-defined  epidermis,  in  which,  on  the  cap- 
sule, stomata  of  various  forms  are  generally  present  (absent  in 
Andreseaceae,  Archidium,  and  some  Bryineae) ;  either  scattered  all 
over,  as  in  the  SphagnaceaB ;  or  confined  to  a  particular  region  of 
the  capsule,  generally  the  neck  or  the  apophysis,  in  the  Bryineae. 
The  operculum  and  the  peristome  (Bryineae)  show  considerable 
complexity  of  structure.  The  structure  of  the  seta  in  the  higher 
Bryineae,  where  alone  it  is  elongated,  very  much  resembles  that  of 
the  stem :  in  many  forms,  even  in  such  in  the  stem  of  which  no 
central  strand  is  present,  there  is  a  central  strand  in  the  seta, 
marked  off  from  the  ground-tissue  by  one  or  two  layers  of  sheath- 
cells.     In  the   Bryineae  also,  the  structure  of  the  neck  (or  apo- 
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phjsis)  is  generally  characterised  by  the  presence  of  loose  asaimil- 
atory  tissue,  rich  in  chloroplastids,  the  intercellular  spaces  of  which 
commanicate  with  the  outer  air  by  means  of  the  stomata. 

The  hypobasal  cell  undergoes  relatively  few  divisions.  In  the 
SphagnaceaB,  Andresaacese,  and  Archidium,  it  gives  rise  to  a  bul- 
bous foot.  In  the  Bryine»  (e.g,  Orthotrichum,  Barbula,  Atrichum 
where  the  hypobasal  cell  undergoes  a  single  division  by  a  trans- 
verse wall)  the  true  foot  is  rudimentary,  but  it  is  functionally  re- 
placed (e.g.  Phascum,  Ephemerum,  Poljtrichum)  by  the  dilated 
lower  end  of  the  seta  which  constitutes  a  false  foot. 

After  fertilisation,  the  venter  of  the  arcbegonium  developes  into 
the  caJyptra  which,  for  a  time,  keeps  pace  with  the  growth  of  the 
contained  embryo,  bat  is  eventually  raptured  by  the  gradual 
elongation  of  the  seta.  In  Sphagnaoeoa,  iu  Archidium,  and  in 
Phascum  and  Ephemerum  among  the  lower  Bryinese,  the  whole  of 
the  ruptured  calyptra  remains  as  a  sheath,  the  vuginuli,  round 
the  base  of  the  short  seta ;  in  the  Andreoeacess  and  in  the  higher 
Bryinese  the  lower  portion  remains  as  the  vaginula,  whilst  the 
upper  portion  is  raised  up  like  a  cap  (still  called  calyptra)  on  the 
top  of  the  elongating  sporogonium.  The  floor  of  the  receptacle 
(i.e,  the  apex  of  the  sexual  shoot)  is  also  stimulated  to  growth,  form- 
ing in  most  cases  a  conical  projection  on  which  are  borne  the  para- 
physes  and  the  unfertilised  archegonia,  whilst  in  Sphagnaceas  and 
AndresBaceflB  it  elongates  into  the  long  pseudopodium  (see  p.  328) 
The  perichoBtial  leaves  also  grow  up  round  the  lower  part  of  the 
seta  or  of  the  pseudopodium. 

The  sporogonium,  possessing,  as  it  usually  does,  assimilatory 
tissue  and  stomata,  can  assimilate  the  carbon  dioxide  of  the  air,  and 
can  transpire  actively.  The  supply  of  water  necessary  ^x>  meet  the 
loss  by  transpiration  is  obtained,  together  with  salts  in  solution, 
from  the  gametophyte,  being  absorbed  by  the  true  (hypobasal)  or 
the  false  (epibasal)  foot,  and  it  travels  to  the  capsule  through  the 
rudimentary  xylem-tissue  of  the  central  strand  present  in  the  seta 
of  the  higher  forms.  It  is  a  point  of  considerable  physiological 
interest  that  the  absorption  of  water  in  the  first  instance  by  the 
gametophyte  is  apparently  efFeeted  for  the  most  part  by  the  leaves 
rather  than  by  the  rhizoids. 

The  remarkable  capacity  for  vegetative  propagation  manifested 
by  the  gametophyte  is  shared  by  the  sporophyte.  It  has  been 
ascertained  that  if  portions  of  the  capsule  or  of  the  seta,  whilst 
the  cells  are  still  living,  be  kept  under  favourable  conditions,  the 


Digitized  by 


Google 


GROUP   n. — BRYOPHYTA:   MUSCI.  363 

superficial  cells  will  grow  out  into  protonemal  filaments.  In  this 
way  the  gametophjte  may  be  derived  from  the  sporophyte  by 
budding,  without  the  intervention  of  spores  ;  when  this  occui*8  it  is 
a  case  of  apospory  (see  p.  87). 

The  Mosses  are  classified  as  follows : — 

Order    I.     Sphagnaceae.  Order  III.     Archidiacece. 

„       II.     AndreaeacesB.  „     IV.     Bryinecs. 

Order  I.    Sphagnaceas  (Bog-Mosses). 

A.  The  Gam ETOPHiTB.  The  spore  gives  rise  on  germination  to  a  filamentons 
protonema ;  when  germination  takes  place  in  water,  the  protonema  remains 
filamentous  and  branches,  but  when  it  lakes  place  on  a  solid  substratum  the 
pr  tonema  assumes  the  form  of  a  branched  cellular  expansion  attached  to  the 
substratum  by  root-like  protonemal  filaments.  In  either  case  adult  shoots  are 
developed  as  branches  upon  the  protonema. 

The  MorpJu)logy  of  the  AdiUt  Shoot.  The  shoot  is  radially  symmetrical,  and 
is  differentiated  into  stem  and  leaves.  It  consists  of  a  main  axis  bearing 
numerous  lateral  branches. 

Growth  is  efTected,  in  both  the  main  axis  and  the  lateral  branches,  by  means 
of  a  growing-point  in  which  there  is  a  three-siled  apical  cell. 

The  Sexual  Organt  are  borne  on  specially  modified  lateral  branches  (gameto- 
phores),  the  antheridia  and  archegonia  being  borne  on  distinct  branches,  and  in 
some  species  on  distinct  shoots. 

A  branch  which  bears  antheridia  (antheridiophore)  is  elongated  and  is  covered 
with  small,  closely  packed,  imbricate  leaves,  by  the  side  of  each  of  which  an 
autberidium  is  developed.  The  antheridium,  which  is  raised  upon  a  long  stalk, 
is  spherical ;  it  opens  by  the  splitting  of  the  wall  into  valves  from  the  apex 
downwards. 

A  branch  which  bears  archegonia  (archegoniophor^)  is  short ;  it  bears  at  its 
apex  a  group  of  (1-5)  archegonia,  surrounded  by  rather  large  involucral  leaves 
with  rudimentary  perickselial  leaves. 

The  Structure  of  the  Adult  Shoot,  The  main  axis  has  no  central  strand ;  it 
consists  of  a  mass  of  elongated  thin-walled  parenchymatous  cells,  which  gradually 
passes  over  into  an  external  zone  of  prosenohymatous  cells,  the  walls  of  which 
are  thick  and  brown  ;  externally  to  this  is  a  cortex,  consisting  of  1-5  layers  of 
cells  which  are  usually  emi>ty,  and  have  large  holes  in  their  walls  (except  the 
Sphagna  cuspidata) ;  in  some  cases  (Sphagna  cymbifoUa)  the  cortical  cells  have 
spiral  thickenings. 

The  cortex  of  the  lateral  branches  generally  consists  of  one  or  two  layers  of 
cells.  In  all,  except  the  Sphagna  cymbifolia,  the  external  walls  of  the  cortical 
cells  are  not  perforated,  though  the  lateral  and  transverse  walls  are  perforated ; 
except  in  the  case  of  certain  large  retort-shaped  cells,  situated  near  the  inser- 
tion of  the  leaves,  which  have  an  external  opening  at  the  upper  end. 

The  leaves  vary  in  form  according  to  their  position ;  thus  stem-leaves,  branch- 
loaves,  small  scaly  leaves,  and  involucral  leaves  may  be  distinguished.  They 
are  sessile,  and  have  a  broad  insertion;  in  most  cases  the  leaf  is  connected  with 
the  prosenohymatous  tissue  of  the  stem,  the  leaf- tissue  extending  through  the 
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cortex.  The  stem-leaves  have,  at  the  base^  a  pair  of  lateral  appendages,  the 
aurioulffi. 

The  leaf  consists  of  a  single  layer  of  cells,  and  has  no  midrib.  It  is  made  up 
of  two  kinds  of  cells  :  lar^e  empty  cells  of  varioas  forms  with  perforated  walls 
frequently  with  spiral  or  some  similar  form  of  thickening :  small  cells,  arranged 
between  the  preceeding,  containing  protoplasm  and  chloroplastids.  The  relative 
arrangement  of  these  two  kinds  of  cells  affords  a  means  of  classification.  Nostoc 
and  other  Algaa  are  frequently  foand  in  the  large  empty  cells. 

The  SphagnacesB  have  no  special  organs  for  vegetative  propagation  ;  bat  they 
multiply  vegetatively  by  the  dyhig  away  of  the  main  stems  so  that  the  lateral 
branches  became  separate  and  constitute  distinct  plants :  consequently  these 
plants  are  found  in  considerable  masses.  They  inhabit  damp,  boggy  spots,  and 
retain  a  considerable  quantity  of  water  in  the  open  cells  of  the  branches  and 


Fio.  218.— Lon^tadinal  section  (diatmm- 
matic :  X  10)  of  the  sporoipniam  of  Sphag- 
num: jm  pMudopodinm;  /foot;  ecalyptra 
Fio.  247.— Part  of  shoot  of  S})hra^um  with  neck  of  archegoninm  H;   at  arcbe- 

acutifoUum  (nat.  size),  k  Capsules.  sporium. 

leaves.  Masses  of  Sphagnum  thus  saturated  with  water  form  peat-mosses  or 
peat-bogs,  the  water  being  raised  to  the  surface  by  means  of  the  capillary 
system  formed  by  the  open  cello. 

B.  The  Spobopuyte.  The  oospore,  as  in  other  Mosses,  is  divided  by  the 
transverse  basal  wall  into  an  epibasal  and  a  hypobasal  half.  The  epibasal  half 
gives  rise  to  the  capsule:  it  grows  at  first  apically,  segments  being  formed  by  trans- 
verse walls,  each  segment  being  divided  into  four  cells  (quadrants)  by  wslls  at 
right  angles  to  f ach  other :  after  six  or  eight  segments  have  been  formed,  apical 
growth  ceases,  the  farther  growth  being  intercalary.  The  cells  of  each  segment 
become  differentiated  each  into  an  external  and  an  internal  cell ;  the  externul 
cells  constitute  the  amphitheciam,  the  internal  cells  the  endothecium.  The 
amphithecium  comes  to  consist  of  several  layers  by  periclinal  divisions,  the 
tirst  formed  and  most  internal  layer  constituting,  in  its  upper  half,  the  arches- 
porium ;  the  endothecium  constitutes  the  columella.  Thus  the  archesporium  is 
a  hollow  hemisphere  which  covers  the  columella  as  a  cap.  There  is  no  intercel- 
lular cavity  formed  in  the  capsule. 
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The  hjpobasal  half  of  the  oospore  undergoes  bat  few  dimione,  forming  a 
bulbous  foot,  the  superficial  cells  of  which  grow  out  into  short  papillse. 

The  fully  developed  sporogonium  consists  of  a  capsule  attached  to  the  foot  by 
a  veiy  short  seta ;  the  wall  of  the  capsule  consiHts  of  a  single  layer  of  cells,  and 
has  numerous  stomata.  The  capsule  opens  by  the  throwing  off  of  the  apical 
portion  of  the  wall  as  an  operculum.    There  is  no  peristome. 

When  the  calyptra  is  ruptured,  it  remains  as  a  vaginula  round  the  base  of 
the  capsule.    No  part  of  it  is  carried  upon  the  top  of  the  capsule. 

The  growth  of  the  arohegoniophore  is  stimulated  by  fertilisation.  It  grows 
(Kig.  248  pt)  out  at  its  apex  into  a  long,  leafless  stalk,  the  pteudopodium,  ex- 
panded at  the  top  into  a  cushion  of  cells  in  which  the  foot  of  the  sporogonium 
is  embedded;  the  perichsetial  leaves  grow  and  surround  the  base  of  the 
stnlk. 

The  order  consists  of  the  single  genus  Sphagnum,  of  which  there  are  many 
species. 

Order  II.    Andreaeacese. 

A.  The  Gametophytb.  The  gprmination  of  the  Rpore  and  the  various  forms 
of  protonema  are  in  many  respects  peculiar.  Cell- divisions  take  place  within 
the  spore  before  the  rupture 

of  the  outer  coat  (exospor-  ^ 

ium),  a  plate  of  four  cells, 
sometimes  a  mass  of  a 
larger  number  of  cells,  being 
formed.  By  the  expansion 
of  these  cells  the  exospor- 
ium  is  burst ;  one  or  more 
of  the  peripheral  cells  then 
grow  out  into  branched  fila-  ^ 
ments  which  grow  apically, 
segments  being  formed  by  I*'®-  240.— A  Plant  of  £pH«m<rum  Mrratum,  one  of 
successive  transverse  waUs ;  ***»  Bryinew  ( x  20) :  p  protonema ;  fcn  bud ;  b  leaves ; 
,        ..    3-      ^         11  I  Ic  sporogonium ;  c  calypr ra.   B  Andreasa  petro-ithila  {x9): 

longitudmal  walls  are  also  ^^  pseudopodium ;  fc  capsule  which  has  dehisced, 
formed,  so  that  the  fila- 
ments consist  of  two  or  more  longitudinal  rows  of  cells,  and  may  develope  into 
flattened  lobed  plates  of  tissue.  In  some  cases  cell-divisions  take  place  in 
three  dimensions,  so  that  the  protonema  becomes  cylindrical,  consisting  of  four 
rows  of  cells,  and  produces  filamentous  branches ;  these  cylindrical  shoots  be- 
come erect,  and  present  a  shrubby  appearance.  Erect,  flat,  leaf-like  plates  of 
tissue  may  be  formed  as  lateral  outgrowths  on  the  protonema,  resembling 
similar  structures  in  other  Mosses  [e.g,  TetraphU  (Qeorgia)  pellucida  ;  Tetrodon- 
tium  Brownianum],  All  these  forms  of  protonema,  except  the  leaf-like  struc- 
tures, give  rise  to  adult  shoots  as  lateral  buds. 

The  Morphology  of  the  Adult  Shoot,  The  adult  shoot  consists  of  a  short 
main  stem,  closely  covered  with  leaves,  and  is  more  or  less  branched.  In  an 
old  shoot  the  branch-system  is  a  sympodium :  the  lateral  branches  are  produced 
laterally  at  the  growing-point,  and  when,  owing  to  the  formation  of  reproduc- 
tive organs  at  the  apex,  the  growth  of  a  main  stem  is  arrested,  they  become 
nearly  erect  and  continue  the  growth  of  the  shoot.    Growth  is  apical,  and  is 
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effeoted  by  means  of  a  three-sided  apical  cell.    The  leaves  are  sessile,  the  lower 
leaves  are  small  and  deciduous. 

The  Sexual  Oiujans  are  borne  in  terminal  groups  on  the  shoots  ;  the  male  and 
female  organs  are  always  borne  on  distinct  branched!,  generally  on  the  same  plant 
(monoecious),  or  on  distinct  plants  (dioecious) :  since,  in  both  cases,  the  apical 
cell  of  the  shoot  gives  rise  to  a  sexual  organ,  the  growth  of  the  shoot  is  arrested 
by  the  development  of  the  reprodaotive  organs.  The  pronp  of  sexual  organs 
is  surrounded  by  involucral  leaves,  and  amongst  them  are  developed  filamentous 
paraphyses.  The  antheridia  have  short  stalks :  the  archegoniahave  short  stalks 
and  very  long  necks. 

The  Structure  of  the  Adult  Shoot  is  simple ;  there  is  no  central  strand  ;  the 
peripheral  cells  are  narrower  than  the  internal  cells,  and  their  walls  are  of  a 
yellowish  colour. 

The  leaves  con^st  of  a  single  layer  of  cells  all  containing  chloroplastids  :  in 
some  species  there  is  a  midrib  con^^isting  of  several  layers  of  cells. 

fi.  The  Spobophtte.  A  two-sided  lenticular  apical  cell  is  formed,  in  the 
epibftsal  cell,  by  two  oblique  intersecting  walls,  from  the  two  sides  of  which 
about  twelve  segments  are  alternately  cut  ofif.  In  the  upper  segoaents  cut  ofiF 
from  the  apical  cell  the  amphithecium  and  the  endothecium  are  differentiated ; 
the  two  lower  segments  (on  each  side)  form  the  short  seta  of  the  sporogonium. 
The  hypobasal  cell  undergoes  a  few  divisions  to  form  the  foot.     • 

The  archesporium  is  differentiated  from  the  external  layer  of  the  endothe- 
cium, the  rest  of  the  endothecium  forming  the  columella.  The  archesporium 
has  the  form  of  a  hollow  cone,  covering  the  top  of  the  columella ;  no  intercel- 
lular spaces  are  formed. 

When  the  calyptra  is  ruptured,  the  upper  portion  is  borne  on  the  top  of  ^le 
capsule  as  a  cap ;  the  lower,  the  vaginula,  invests  the  short  seta.  The  capsule 
dehisces  by  four  longitudinal  fissures,  extending  to  neither  the  base  nor  the  apex 
(Fig.  249  D) :  there  is  no  operculum,  or  peristome,  nor  has  the  wall  of  the 
capsule  any  stomata. 

The  shoot  is  stimulated  to  growth,  after  fertilisation,  producing  a  short  leaf- 
less pseudopodium,  which  carries  up  with  it  the  unfertilised  archegonia  of  the 
gronp :  the  perichaetial  leaves  also  develope.  and  invest  the  base  of  the  pseudo- 
podium. 

The  Andreaeaceae  are  small  coBspitose  Mosses  (Fig.  260  h)  growing  on  rocks  in 
mountainous  districts.    The  order  consists  of  the  single  genus  Andres  a. 

Order  III.    Archidiaceae. 

A.  The  Gauetophyte.  The  protonema  is  filamentous,  and  the  subterranean 
portions  of  it  are  perennial :  it  gives  rise  to  numerous  adult  shoots. 
■  The  Morphology  of  the  Adult  Shoot.  The  adult  shoot  consists  of  a  very  short 
stem  with  scattered  leaves.  It  bears  lateral  branches,  both  sterile  and  fertile ; 
the  former  are  long  and  decumbent,  and  give  rise  in  the  succeeding  year  to 
erect  fertile  shoots.  The  male  and  female  oraans  are  either  borne,  together 
with  paruphyses,  terminally  on  distinct  branches  of  the  same  plant;  or  the 
antheridia  are  borne  singly  in  the  axils  of  the  perichaetial  leaves  of  the  female 
receptacle. 

The  Structure  of  the  Adult  Shoot,  There  is  a  central  strand  of  conducting 
tissue,  surrounded  by  parenchymatous  cells ;  externally  is  a  layer  of  narrow 
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ihiok-walled  cells.  The  leayes  have  a  prominent  midrib ;  the  lamina  consists 
of  a  single  layer  of  cells. 

B.  The  Sporophtte.  The  first  stages  of  the  development  resembles  those 
of  Andreaea.  The  epibasal  half  of  the  embryo  grows  for  a  short  time  by  means 
of  a  two-sided  apical  cell.  It  undergoes  differentiation,  by  the  formation  of 
periclinal  walls,  into  amphitheciam  and  endothecium ;  in  the  upper  two-thirds, 
of  the  capsule  the  innermost  layer  of  the  amphithecium  becomes  separated  from 
the  outer  layers,  a  large  intercellular  space  being  formed  between  them. 
There  is  no  arohesporial  layer  or  columella,  but  isolated  internal  cells  of  the 
endotbecium  are  spore-mother- colls,  each  giving  rise  to  four  spores.  The  lower 
part  of  the  epibasal  half  forms  the  very  short  seta  or  neck.  The  hypobasal 
half  gives  rise  to  a  bulbous  foot.     There  are  no  stomata  on  the  capsule. 

The  ruptured  ealyptra  surrounds  the  base  of  the  sporogonium  as  a  vnginula ; 
no  poi-tion  of  it  is  raised  up  on  the  top  of  the  capsule.  The  capsule  ruptures 
irregularly. 

The  order  includes  the  genus  Archidium  with  the  single  species  A.  phoicoidee 
{tiltemifoliwt.) 

Order  IV.     Bryineae. 

A.-  The  Gauetophite.  The  protonema  is  filamentous,  though  in  some 
oases  (*!.g,  Tetraphi*  pellucida  and  other  Geor^iaceaa)  it  develops  flattened 
cellular  appendages  which  are  assimilatory  organs  (see  Andreaeacece,  p.  365). 
The  Bubaerial  portion  of  the  protonema  is  generally  short  lived,  though  in  some 
oases  it  persists  {e.g.  Ephemerum)  at  least  until  the  sporogonium  has  been 
developed  s^'d  the  spores  are  ripe :  the  subterranean  portion  frequently  persists 
from  year  to  year.  The  snbaerial  portion  gives  rise  to  the  gametophores  as 
lateral  buds;  in  some  forms  the  subterranean  portion  produces  lateral  buds  in  the 
form  of  bulbils  (p.  855)  which,  when  they  are  brought  to  the  surface,  give  rise  to 
pametophores  either  directly  or  indirectly  with  the  inteivention  of  protonema. 
It  is  commonly  the  case  that,  when  protonema  is  kept  dry,  some  of  the  cells 
grow  larger  and  their  walls  thicker,  whilst  the  other  cells  perish ;  the  persistent 
cellA,  when  moistened,  developeinto  filaments. 

The  Adult  Shoot  does  not  present,  with  regard  either  to  its  morphology  or  its 
liistoloyy,  any  especially  characteristic  features  ;  it  varies  in  size  from  a  mere 
bud  in  such  forms  as  Phascum  and  Ephemerum,  where  it  is  annual,  to  a  shoot 
several  inches  long  in  such  forms  as  Fontinalis  and  Polytrichum  where  it  is 
perennial.  In  the  latter  case  there  is  generally  a  central  strand,  and  frequently 
leaf-traces,  in  the  stem.  It  may  be  either  acrocarpous  or  pleurocarpous,  a 
feature  which  is  important  in  the  classification  of  the  group.  The  leaves  have 
commonly  a  midrib  :  those  of  Leucobryum  resemble  those  of  Sphagnum  in  that 
they  consist  of  two  kinds  of  cells,  an  internal  layer  of  small  living  cells  with  chlo- 
roplastids,  and  external  layers  of  dead  cells  with  perforated  walls ;  the  peculiar 
structure  of  the  leaves  of  Polytrichum  has  been  already  described  (p.  859). 

B.  The  Spobophyte  presents  features,  both  as  to  its  morphology  and  histo- 
logy, which  are  characteristic  of  the  group.  It  is  differentiated  into  a  true 
hypobasal  foot,  a  seta,  and  a  capsule.  The  true  foot  is  rudimentary.  The 
seta  is  relatively  short  in  the  lower  forms :  a  false  (epibasal)  foot  is  fre- 
quently developed  from  the  lower  portion  of  the  seta.  The  neck  of  the  capsule 
has  nearly  always  stomata  in  its  epidermis,  and  is  developed  into  a  distinct 


Digitized  by 


Google 


368  PART   III.— THB   CLASSIFICATION  OF  PLANTS. 

apophysis  in  some  forms  (e.g,  Splachnam,  Polytriohnm).  Part  of  the  external 
layer  of  the  endotheoium  becomes  the  archesporiam,  which  forms  a  hollow 
cylinder  round  the  columella,  but  does  not  extend  over  the  top  of  it :  an  air- 
chamber  is  developed  in  the  amphitheoium  round  the  spore-sac,  and  is  gener- 
ally traversed  by  strands  of  cells  (containing  chloroplastidH)  stretching  from  the 
wall  of  the  capsule  to  the  spore-sac  In  the  lower  forms  the  capsule  is  either 
iudehiscent,  its  wall  becoming  eventually  disorganised,  or  it  ruptures  irregu- 
larly ;  in  the  higher  forms,  the  apical  portion  of  the  wall  is  thrown  o£f  as  an 
operculum,  and  a  peristome  is  generally  developed  round  the  aperture  thus 
formed.  In  all  oases  a  portion  of  the  calyptra  is  can-led  up  as  a  cap  on  the 
top  of  the  developing  sporogonium. 

The  BryineaB  are  classified  as  follows  : 

Tribe  I.    Cleistocarpsd.  Tribe  11.    Stegocarpte. 

Tribe  I.  Cleistocarpa.  The  adult  shoots  are  generally  minute,  nn- 
brancbed,  annual,  and  always  acrocarpous;  there  is  geueially  a  central  strand 
in  the  stem,  and  a  mid-rib  in  the  leaf. 

With  regard  to  the  sporogonium,  tiie  seta  is  generally  short,  sometimes  ex- 
panded at  the  base  into  a  false  (epibasal)  foot  {e.g,  Phascum,  Ephemerum), 

without  any  central  strand  in  some  forms. 
_,  The  capsule  does  not  open  by  means  of  nn 

tT        M  operculum,  nor  has  it  any  peristome  (a  rudi- 

J%k  tt  mentary  operculum  can  be  detected  in  As- 

^^9qK  tomum,  Mildeella,  and  a  few  other  forms,  as 

^\  also  a  rudimentary  peristome  in  Mildeella) ; 

it  either  ruptures  irregularly,  or   the  wall 
Pio.  m.-a  Ephemerum  Berratum       ^-^  j    ^ 
(x  3):  h  shoot  ot  AndrecM  nivali*,  «,;•„.  .,  ..,..,. 

with  (10  capsule  (u»t.8lM).  ^he  followmg  are  the  principal  families 

and  genera  of  the  Cleistocarp»  : 
Fam.  1.    Fphemeracea  :  Ephemerum  (Fig.  249  A),  Nanomitrium. 
„      2.    Phyteomitrellacea :  Physcomitrella. 
„      8.    Phcucacea  :  Phascum,  Acaulon,  Mildeella,  Astomum. 
„      4.     Bruchiacea :  Pleuridium,  Bruchia. 
„      5.     Voiliacece  :  Yoitia,  by  far  the  largest  forms  in  the  tribe. 
Tribe  II.— Stegocarpje.    The  characteristics  of  this  tribe  are  to  be  found  in 
the  sporogonium,  which  is  distinguished  by  the  formation  of  an  operculum  and, 
generally,  of  a  peristome. 

The  operculum  is  developed  from  the  apical  portion  of  the  capsule,  either 
from  the  epidermis  alone  (e.g.  GeorgiacesB),  or  from  it  and  one  or  more  of  the  sub- 
jacent amphithecial  layers.  The  cell-walls  become  outicularised  and  assume  a 
yellow  or  brown  colour.  The  outline  of  the  operculum  is  circular ;  its  form 
cap-like,  more  or  less  flattened  in  some  oases,  more  or  less  conical  in  others, 
sometimes  apiculate. 

The  limit  between  the  developing  operculum  and  the  rest  of  the  capsule 
{urn)  is  generally  marked  by  a  slightly  prominent  zone,  consisting  of  one  or 
more  rows  of  rather  large  epidermal  cells,  with  outicularised  outer  walls, 
termed  the  ring  or  aunubu  :  its  position  is  just  above  the  level  of  the  top  of  the 
spore-sao  and  of  the  air-chamber. 
The  peristome  is  developed  within  the  operculum,  from  the  innermoet  layer 
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or  layers  of  the  ampbitheoial  cells,  the  entire  walls,  or  only  portions  of  the 
longitudinal  and  transverse  walls,  of  larger  or  smaller  plates  of  these  cells,  be- 
come thickened,  cntioalarised,  and 
oolonred  yellow  or  brown.  The 
unthickened  cell-walls,  or  the  un- 
thickened  portions  of  tbem,  break 
away  as  the  capsnle  becomes  ripe, 
leaving  only  the  thickened  portions 
forming,  as  it  were,  a  skeleton  at- 
tached to  the  am  just  below  the 
level  of  the  annulns.  The  following 
are  the  principal  varieties  of  peri- 
stome-formation.  In  the  Georgia- 
cea9  {e.g,  Tetraphis)  the  peristome  is 
developed  from  the  two  layers  of 
cells  beneath  the  epidermis  which 
forms  the  opercnlnm :  the  walls  of 
these  cells  all  become  thickened ; 
when  the  operculum  falls  off  this 
plate  of  tissue  splits  from  the  centre 
into  four  equal  segments  which  are 
the  teeth  of  the  peristome.  In  most 
Mosses  tlie  peristome  is  formed  from 
a  single  layer  of  cells,  and  consists 
of  two  rows  of  teeth,  an  inner  and 
an  outer.  This  double  peristome  is 
dependent  upon  the  distribution  of 
the   cuticnlarisation  of    the  walls: 

both  the  internal  and  the  external  walls  of  the  peristomial  cell -layer  become 
cuticularised,  but  the  lateral  and  part  of  the  transverse  walls  joining  them 
remain  unaltered  and  eventually  break  away,  leaving  the  thickened  internal 
and  external  walls  as  separate  strips,  which  may  be  further  divided  longitudin- 
ally into  teeth.    The  teeth  of  the  outer  peristome  are  generally  larger  than 

those  of  the  inner  which  are  sometimes  dis- 
tinguished as  cilia ;  their  number  is  a  power 
of  two  (4-8-16-32-04.)  There  is  consider- 
able variety  in  the  structure  and  form  of  the 
peristome ;  this  affords  a  means  of  classifica- 
tion. The  genus  Polytrichum,  for  instance, 
is  characterised  by  the  fact  that  the  teeth  of 
the  peristome  consist  of  strands  of  thick- 
walled  fibres,  the  tips  of  which  are  not  free, 
as  is  usually  the  case,  but  are  connected  by 
a  membrane  stretched  over  the  aperture  of 
the  urn,  termed  the  epiphragm. 

A  peristome  is  not  present  in  several  genera 
{e.g.  Gymnostomum,  Hymenostomum,  Schis- 
tostega,    etc.) ;    nor  in    some    species  {e.g^ 


Fio.  261.— FiMiaria  hygromttricu,  A  An  adalt 
shoot  (0),  bearing  a  oaljptra  (e).  B  A  plant 
(y)  bearing  a  nearly  ripe  sporogoniam ;  •  iu 
seta ;  /  the  capaale ;  e  the  calyptra.  C  Median 
longitudinal  section  of  the  capsule :  d  oper- 
oolum ;  a  annulns ;  p  peristome ;  e  cf  columella; 
\  airrcavity ;  •  the  arcbesporiom. 


Fie.  252.— Month  of  the  theca  of 
Fonfinalit  an(tpi/rs(<ca.  up  Outer 
peristome ;  «p  inner  peristome,  (x 
60.) 
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species  of  Pottia  and  Encaljpta,  Seligeria  Doniana,  Orthotrichum  gymno9tom*m 
etc.)  belonging  to  genera  in  which  a  peristome  is  nsaally  present. 

As  the  capsule  matares,  the  cells  (except  the  spores)  lose  their  cell-contents  ; 
and  those  whose  walls  have  not  become  thickened  and  cuticularined,  dry  up  and 
shrink,  the  shrinkage  being  necessarily  accompanied  by  the  tearing  of  the  thia 
walls  in  various  parts.  The  persistent  cuticularised  walls  are  highly  hygro- 
scopic, and  it  is  in  consequence  of  the  tensions  set  up  by  the  unequal  stretching 
and  contraction  of  these  walls,  due  to  variations  in  their  moisture,  that  the  split- 
ting off  of  the  operculum  is  effected 


f^ 


Fio.  233.— Sporogoninm  of  Fuiiaria  Kygrometrica.  A,  •  seta;  I  ciip!*i]1e ;  e  calyptra  (x6). 
J?  Section  of  a  half-developed  capsule  (  x  10) :  o  colamella ;  •  archesporinm ;  I  ■ir-cavitj  ; 
d  aub-opercular  tUsafl ;  p  peristome.  0  Apical  portion  of  the  same  capsule  ( x  40) ;  d  oper- 
culum; id  Bub-opercular  tissue;  ap  outer  peristome;  ip  inner  peristome;  r  ring;  I  air- 
rpaoe;  c columella;  •  spore-sac. 

The  Stegocarpsa  are  classified  as  follows :  — 

Sub-tribe  ACROCABPM :  ardiegonia  terminal  on  the  main  shoots;  but  the 
ftporogonia  are  sometimes  apparently  lateral  in  consequence  of  the  growth  of 
lateral  branches  (innovations)  which  force  the  apex  of  the  main  shoot  to  the 
side.    The  following  are  the  principal  families  and  genera  :— 
Fam.    1.     Weuiacea :  Bymenostomum,  Oymnostomum,  Weisia. 

„      2.    Dieranaeea :  Dicranum,  Dicranella. 

„      8.    Leueohryacea :  Leucobryum. 

„      4.    Fisiidentacea  :  Fissidens. 

„      5.    Seligeriacfa  :  Seligeria — small  mosses  growing  only  on  rocks. 

„      6.    Pottiaeea :  Pottia,  Tortula,  Barbula,  Triuhostomum,  Geratodon. 

„      7.     Gnmmiaeea :  Orimmia,  Bacomitrium,  Hedwigium. 

„      8.    Ortliotriehaeea  :  Orthotrichum,  Zygodon. 

„      9.    EncaJyptaeea :  Encalypta. 

„     10.     Qeorgiacea  :  Georgia  (Tetraphis),  Tetrodontium. 

„     11.    Schittostegacfa :  Schistostega. 

„    12.     Splachnaeea  :  Dissodon,  Tayloria,  Splachnum. 

M     18.    Funariacece :  Physcomitrium,  Funaria. 

„    14.    Mniaeea  :  Mnium,  Meesia,  Aulacomnium. 

„    16.    Bryacea :  Bryum,  Webera. 

„     16.    Polytrichacea  :  Atrichum,  Polytrichum,  Pogonatam. 

„    17.    Buxbaumiacea :  Buxbaumia. 
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8uh-Tribe  PlburOCARPJB  :  Arcbegonia  (and  subseqaently  the  Bporogonia) 
borne  terminally  on  short  lateral  branches.  The  following  are  the  principal 
families  and  genera : — 

Fam.  18.    Fontinalaeea  :  Fontinalis. 
n    19.    Neckeracea :  Neokera,  Leptodon,  Leneodon. 
„    20.    Hookfriacea  :  Daltonia,  Hookeria. 
„    21.    FabroniaeetB  :  Fabronia,  Anacamptodon,  Mjrinia. 
t,    22.     ThtUdiacea :  Leskea,  Thnidium. 

„    23.    Hyjmacea:   Glimacium,  Bracbytbeciam,  Hypnnm,  Hylocomium, 
Eurhyncbium. 

The  following*  are  among  the  more  familiar  species  of  acrooarpons  Mosses  :  — 

Dicranum  tcoparium,  with  sickle-shaped  leaves,  is  common  in  woods.  Leueo- 
h  yum  gJaucum  has  leaves  consisting  of  several  layei:3  of  cells,  which  resemble 
those  of  Sphagnum  in  their  structure  ;  it  ocoars  in 
Pine- woods  and  on  moors.  Ceratodon  purpureut^  , 
vritb  a  red  seta  and  a  short  stem,  is  very  common 
in  varions  localities.  Barhula  niuralU  grows  in 
patches  on  walls  and  rocks ;  the  midrib  of  the 
leaves  is  prolonged  into  a  hair,  so  that  the  patclies 
of  Moss  look  greyish.  Tetraphis  pellueida  has  bright 
green  leaves ;  it  grows  on  decayed  tree-trunks,  and 
bears  gemms  of  peculiar  form.  Qrimmia  pulvijiata 
occurs  on  walls  and  stones  in  round  greyish-green 
patches ;  the  capsules  have  very  short  setaB.  Ortho- 
trichnm  affiiie  and  other  species  have  also  shortly- 
stalked  capsules,  and  are  common  on  trees.  Fuua- 
ria  hygrometrica  (Figs.  251-8)  has  an  oblique,  pear- 
shaped  capsule  ;  the  long  setae  have  the  peculiarity 
of  contracting  into  a  spiral  on  being  wetted  and 
dried ;  it  is  common  on  walls  and  paths.  Poly- 
tnchum  formomin  (Fig.  254)  and  other  speries  are 
the  largest  of  our  indigenous  acrocarpous  Mosses ; 
they  have  large  dark  green  leaves  and  long  hairy 
calyptrffi  and  are  common  in  woods  and  on  heaths. 

The  fullowiug  are  among  the  more  familiar  species 
of  pleurocarpous  Mosses  :— 

Fontinalis  antipyretica  floats  in  water.     Neekera 
crispa^  with  flat  outspreading  leaves,  grows  on  rocks. 
Thuidium  abietinum  and   other    species   grow  on 
bonks  and  in  woods ;  they  have  regular,  pinnately 
bi-anched  stems,  and  very  small,  closdy-set  leaves. 
Leucodon  sciuroidet    is   common    on    tree- trunks. 
Brachyth^cium  rutabuJum  is    common    in   woods. 
f.urhyiiehium  pralongum^  with  long  creeping  stems, 
occurs  in  woods  and  damp  gardens.    Hypnum  cupressiforme  is  very  common 
on  tree-tmnks,  and  H.  eutpidatum  and  giganieum  in  bogs  and  ditches.     HyU)- 
comiuni  triquetrnm  is  very  commonly  used  for  garlands  ;  this  and  H,  spUndens, 
witii  remarkably  regular  ramification,  are  both  common  in  woods. 


Fid.  S54.— Tvro  plaoU  or 
Polfitrichum  formosum  bear- 
ing sporogonia  (nat.  sixe). 
k  Thecapsale;  •  the  Beta; 
e  calyptra. 
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GROUP  III. 
PrERIDOPHYTA  (Vaseular  Cryptogams). 

The  distinguishing  characteristics  of  the  plants  forming  this 
group  ai*e  the  following  : — The  life-history  presents  a  well-marked 
alternation  of  generations,  as  in  the  Bryoph jta ;  but  here  it  is  the 
sporophyte  which  is  the  more  conspicuous  form,  constituting  *'  the 
plant/*  The  sporophyte  becomes  quite  distinct  from  the  gameto- 
phyte  at  an  early  period :  it  is  differentiated  (with  but  few- 
exceptions)  into  root^  stem,  and  leaf ;  and  in  all  cases  it  contains 
well-developed  rascular  tissue.  The  garoetophyte,  generally 
termed  the  prothallium,  is  a  relatively  small  thalloid  body,  usually 
short-lived,  containing  no  trace  of  vascular  tissue. 

The  group  includes  the  three  classes,  Filicinae,  Equisetinae, 
Lycopodinee. 

The  Sporophyte  is  developed  from  the  oospore  :  its  embryogeny 
is  direct  and  holoblastic.  The  oospore  undergoes  division,  in  a1 1 
cases,  into  an  epibasal  and  a  hypobasal  half,  by  a  basal  wall  which 
is  either  more  or  less  nearly  parallel  to  the  long  axis  of  the 
archegonium  (Leptosporangiate  FilicinsB)  or  more  or  less  nearly 
transverse  to  it :  the  epibasal  half  usually  faces  the  neck  of  the 
archegonium,  but  in  the  Lycopodin»  the  hypobasal  half  occupies 
this  position.  In  the  Filicinaa  and  Equisetinie,  the  formation  of 
the  basal  wall  is  followed  by  the  formation  of  another  wall  at 
right  angles  to  it  (quadrant-icall)  so  that  the  embryo  now  consiKtR 
of  four  cells  which  are  quadrants  of  a  sphere,  and  this  is  followed 
by  the  formation  of  a  third  wall  {octant-wall),  at  right  angles  to 
both  the  preceding,  so  that  the  embryo  now  consists  of  eight 
cells  which  are  octants  of  a  sphere.  In  the  LycopodinsB  the 
segmentation  leading  to  the  formation  of  quadi*ants  and  octants  is 
confined  to  the  epibasal  half,  the  hypobasal  half  remaining  un- 
divided or  undergoing  a  few  irregular  divisions.  From  the 
epibasal  half,  the  primary  stem  and  one  or  two  primary  leaves 
(cotyledons)  are  developed  in  all  cases.  The  hypobasal  half 
gives  rise,  in  the  FilicineB  and  Equisetinae,  to  the  primary  root 
and  to  the  foot,  with  but  few  exceptions  (e.g.  Salvinia  in  which 
there  is  no  primary  root)  :  in  the  Lycopodin®  the  hypobasal  half 
gives  rise  to  a  suspensor,  an  organ  homologous  with  the  foot  of  the 
Bryophyta. 

The  foot  (aa  also  the  suspensor :  see  p.  14)  is  an  embryonic 
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organ,  no  iraoe  of  which  persisto  in  the  adnlt.  It  is  the  organ  of 
attachment  of  the  embrjo-sporophyte  to  the  gametophjte ;  and  it 
is  also  the  absorbent  organ  by  which  the  embryo,  until  it  is  able 
to  absorb  and  assimilate  food  for  itself,  obtains  its  nourishment 
from  the  prothallinm  (compare  Bryophyta,  p.  330). 

The  development  of  a  saspensor  in  the  Lycopodin®  is  an  adap- 
tation correlated  with  the  fact  that  the  nonrishment  of  the 
embryo  in  that  gronp  depends  npon  its  coming  into  direct  contact 
with  the  tissue  of  the  massive  gametophyte,  the  cells  of  which 
are  filled  with  nutritive  substances. 

A  primary  root.,  that  is,  a  root  developed  from  the  hypobasal  half 
of  the  oospore,  and  so  situated  at  its  origin  that  its  growing- point 
is  in  a  straight  line  with  that  of  the  stem  (see  p.  15),  only 
occurs  in  the  Filicinae  and  Equisetine;  but  even  here  it  does 
not  persist  as  a  tap-root  in  the  adult:  in  these  plants  numerous 
adventitious  roots  are  developed.  In  the  Lycopodinae,  where 
there  is  no  primary  root,  all  the  roots  are  adventitious. 

Some  adult  forms  are  altogether  without  roots:  as  Salvinia, 
and  some  species  of  Trichomanes,  among  Filicine ;  Psilotum  and 
Tmesipteris,  among  Lycopodinee.  The  functions  of  the  root  are 
discharged,  in  Salvinia  by  modified  leaves,  in  the  others  by 
modified  branches.  In  the  absence  of  information  as  to  the 
embryogeny  of  these  rootless  plants,  except  Salvinia,  it  is  not 
possible  to  state  definitely  that  they  are,  like  Salvinia,  rootless  from 
the  first :  for  it  is  conceivable  that  they  may  have  a  short-lived 
primary  root  which  entirely  disappears  as  the  embryo  dovelopes. 

The  branching  of  the  root  is  generally  lateral  in  the  Filicinao 
and  EquisetinsB ;  it  is  dichotomoas  in  the  Lycopodinss  and  in 
Isoetes.  In  the  former  case,  the  lateral  rootlets  are  developed, 
in  the  Filicinae,  from  cells  (rhizogenic)  of  the  endodermis  which 
are  opposite  to  the  xylem- bundles  of  the  stele ;  in  the  Equisetine, 
from  the  cells  forming  the  inner  layer  of  the  two-layered  endo- 
dermis. 

The  stem  is  generally  short  and  unbranched  in  the  Filicinae; 
generally  elongated  and  much  branched  in  the  Equisetinse  and 
Lycopodince. 

The  leaves  are  differentiated  into  foliage- leaves  and  sporophylls 
in  the  EqnisetinsB  and  generally  in  the  Lycopodinss,  but  not  in  the 
FilicinsB  as  a  rule:  the  foliage- 1  eaves  are  relatively  large  in 
proportion  to  the  stem  in  the  FilicinsD,  relatively  small  in  the 
LycopodinsB,  reduced  to  cataphylls  in  the  EquisetinsB. 
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The  growth  in  length  of  root,  stem,  and  leaf,  is  effected  by  an 
apical  gi'owing-point :  the  growing-point  has  generally  a  single 
apical  cell  in  the  Filicinse  and  Eqaisetinse  (except  root  and  stem 
of  MarattiacesB  and  Isoetes)  ;  in  the  LjcopodinsB  (as  also  in  the 
foregoing  exceptional  Filiciuo))  there  is  generally  a  gronp  of 
initial  cells. 

The  anatomy  of  the  stem  presents  considerable  variety.  The 
primary  stem  is  in  all  cases  monostelic  (p.  152) :  it  may  continue 
to  be  monostelic  (e.g.  LycopodiacesB,  Isoetes,  Osmnndacese,  etc.), 
but  more  commonly  it  becomes  polystelic  (most  FilicincB),  or  schizo- 
stelic  (EquisetinaB,  Ophioglossace»).  The  vascular  tissue  of  the 
wood  consists  of  lignified  spiral  (protoxylem)  and  scalariform 
ti^acheides,  or  less  commonly  vessels ;  the  bast  contains  no  com- 
panion-cells. The  bundles  are  generally  closed  (except  Botrychinm, 
Helminthostachys,  Isoetes);  cauline  (except  Isoetes,  Osmnnda, 
Equisetinae,  whei'e  they  are  common).  The  relative  arrangement 
of  wood  and  bast  in  the  stele  is  generally  concentric  (see  p.  175)  in 
the  Filicinae  and  Selaginel laces,  and  radial  in  the  Lycopodiacese  : 
or  the  bundles  may  be  conjoint  and  collateral  as  in  Ophioglossaeeae, 
IsoetaceaB,  Osmundace®,  Equisetiuae.  The  perioycle  is  some- 
times absent  {e.g,  Ophioglossum ;  some  Leptosporangiate  Filicinss, 
in  which  it  is  replaced  by  a  layer  of  the  endodermis). 

The  anatomy  of  the  root  calls  for  no  special  remark,  except  that 
in  the  Equisetinas  there  is  no  pericycle,  but  a  two-layered 
endodermis. 

The  reproductive  organs  are  sporangia,  generally  borne  on  the 
leaves  (fporophylls)  but  sometimes  directly  on  the  stem  (e.g, 
Selaginella).  Each  sporophyll  may  bear  many  sporangia  on  its 
inferior  (dorsal)  surface,  as  generally  in  the  Filicinas  and  Equise* 
tinae;  or  a  single  sporangium  on  its  upper  surface  (e,g.  Lycopodium, 
Isoetes),  or  in  its  axil  (Selaginella). 

When  the  sporophyll  bears  many  spoi'angia,  they  are  usually 
arranged  in  groups ;  each  gronp  is  termed  a  sorus,  and  the  more 
or  less  well-developed  cushion  of  tissue  from  which  the  sporangia 
spring  is  termed  the  placenta.  The  sorus  may  be  naked  ;  or  it  may 
have  a  membranous  covering,  the  induslum  {e.g,  many  Filicinie). 

In  the  FilicinaB  the  sporophylls  are  not  confined  to  any  special 
portion  of  the  shoot,  so  as  to  constitute  a  flower :  but  in  some 
cases  {e.g.  Osmunda,  Ophioglossaceae,  Marsileaceae)  they  differ  in 
form  and  structure  from  the  foliage-leaves.  In  the  Eqnisetin» 
the  sporophylls  are  highly  specialised,  and  are  grouped  into  cones 
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(flowers)  at  the  ends  of  the  fertile  branches :  similar  oone-like 
flowers,  with  less  specialised  sporophjlls,  occur  in  various 
LjcopodincB. 

The  sporanffta  are  unilocular,  though  in  Isoetes  they  are  incom- 
pletely chambered  by  trabeculae :  they  are  developed  singly  or  in 
groups  (sori) ;  in  the  latter  case  they  are  usually  distinct,  but  in 
some  cases  they  are  coherent  (Marattiacese,  except  Angiopteris ; 
Psilotace»)  forming  a  synangium  (see  p.  72)  :  the  synangium 
should  not,  however,  be  regarded  as  the  result  of  the  cohesion  of 
originally  distinct  sporangia,  but  as  a  group  of  sporangia  which 
have  not  separated.  The  sporangium  is  developed  either  from  a 
single  superficial  cell  (leptosporangiate)  ;  or  from  a  group  of  super- 
ficial cells  (ewiporangiate),  and  sometimes  from  deeper  cells  as 
well  •  the  mother-cells  of  the  spores  are  derived  from  an  arche- 
sporium  which  is  either  a  single  hypodermal  cell  or  a  group  of 
hypodermal  cells. 

The  spores  produced  in  'the  sporangia,  -are  single  cells,  with 
generally  two  coats,  endospore  and  exospore.  Many  of  the  Pterido- 
phyta  produce  spores  which  are  all  quite  alike,  whence  they  ai-e 
said  to  be  homosporotts ;  whereas  others  produce  spores  of  two 
kinds,  small  spores  (microspores)  and  large  spores  (macrospores), 
and  are  said  to  be  heterosporous. 

The  sporangia  of  the  heterosporous  forme  are  distinguished  as 
microsporangia  and  macrosporanfjia  according  to  the  kind  of  spores 
which  they  develope  :  and  when  'the  sporophylls  bear  either  only 
microsporangia  or  only  macrosporangia  they  are  distinguished  as 
microsporophylls  and  tnacrosporophylls.  The  number  of  macrospores 
produced  in  the  macrosporangium  is  generally  small,  though  they 
are  numerous  in  Isoetes  :  thus  there  are  four  in  Selaginella,  only 
one  in  the  Hydropterideaa. 

The  spores  are  generally  set  free  by  the  dehiscence  of  the 
sporangia  :  but  in  Salvinia  the  whole  sporangium  falls  oft  and  the 
spores  germinate  within  it. 

B.  The  Gametophyte.  The  spore,  on  germination,  gives  rise  to 
Sk  prothallivm  which  is  the  gametophyte.  It  is  very  small  and  in- 
conspicuous, as  compared  with  the  sporophy te ;  its  body  is,  gener- 
ally speaking,  thalloid ;  there  is  no  vascular  tissue  in  its  structure, 
and  in  many  cases  it  does  not  become  free  from  the  spore.  It 
usually  lives  through  but  one  short  period  of  growth. 

In  any  one  of  the  homosporous  forms,  the  prothallia  developed 
from  the  spores  are  all  essentially  alike ;  generally  speaking,  any 
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one  protballinm  bears  both  male  and  female  reproductive  organs. 
The  morphology  of  the  prothallium  varies  widely  in  these  forms : 
it  may  be  a  branched  cellalar  filament  (some  Hymenophyllacese), 
or  a  flattened  expansion  (EquisetinoB,  most  Ferns),  containing 
chlorophyll  abundantly ;  or  it  is  tuberous  (Ophioglossaceee,  Lyco- 
podiaceae),  either  wholly  or  in  part  destitute  of  chlorophyll.  It 
becomes  entirely  free  from  the  spore. 

In  the  heterosporous  forms  the  gametophyte  is  represented  by- 
two  individuals^a  male  and  a  femfile  prothallium ;  the  former  is 
the  product  of  the  germination  of  a  microspoi'e,  the  latter  of  the 
germination  of  a  macrospore.  As  compared  with  those  of  the 
homosporous  forms,  the  prothallia  of  the  heterosporous  forms  are 
relatively  small ;  moreover  they  do  not  become  independent  of  the 
spores  from  which  they  are  developed.  The  male  prothallium  is 
reduced  to  little  more  than  a  single  male  organ ;  the  female  pro- 
thallinm  is  a  small,  nsually  green,  cellular  body  projecting  more 
(e.g,  Salvinia)  or  less  {e,g,  Selaginella)  throngh  the  raptured  outer 
coat  of  the  macrospore. 

Generally  speaking,  the  symmetry  of  the  prothallium  is  dorsi- 
ventral ;  in  the  free-growing  forms,  the  under  surface  generally 
bears  numerous  unicellular  root-hairs.  In  some  cases  the  pro- 
thallium shows  more  or  less  well-marked  differentiation  into  a 
vegetative  portion  and  a  gametophore  which  may  bear  either  both 
kinds  of  sexual  organs,  or,  more  commonly,  one  kind  only ;  when 
the  gametophore  bears  only  male  organs  it  is  distinguished  as  an 
antheridiophore ;  when  only  female  organs,  as  an  archegoniophore. 
The  distribution  of  the  sexual  organs  on  the  prothallium  varies; 
they  are  frequently  confined  to  one  surface,  but  are  occasionally 
scattered  over  the  whole  surface.  The  number  of  the  sexual 
organs  on  a  pi*othallium  is  in  some  cases  only  one,  in  others  it  is 
considerable. 

The  sexual  organs  are  antheridia  (male)  and  archegonia  (female). 
The  structure  of  the  antherttlium  is  simple  ;  it  consists  of  a  wall, 
a  single  layer  of  cells,  enclosing  the  mother-cells  of  the  spermato- 
zoids.  The  antheridia  are  developed  from  single  superficial  cells 
of  the  prothallium  ;  when  the  prothallium  is  thin,  the  antheridia 
project  on  the  surface ;  when  the  prothallium  is  tuberous,  the 
antheridia  become  sunk  in  the  tissue. 

The  archegouium  consists  of  a  venter  and  a  neck.  As  the  venter 
is,  in  all  cases,  sunk  in  the  tissue  of  the  prothallium,  it  has  no 
proper  wall  of  its  own,  and  is,  in  fact,  simply  a  cavity  in  the 
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tissne ;  the  short  neck  consists  of  a  single  lajer  of  cells  in  fonr 
rows.  The  mature  archegoninm  contains,  in  the  venter,  the 
female  cell  (ootfphere). 

The  archegoninm  is  developed  from  a  single  superficial  cell  of 
the  prothallium.  This  cell  divides  transversely  into  two,  an  upper 
and  a  lower ;  the  former,  bj  growth  and  division,  forms  the  neck 
of  the  archegonium ;  the  lower  cell  projects  into  the  developing 
neck,  and  the  projecting  portion  becomes  cat  off,  constituting  the 
neck'Canal-cell  which  sometimes  divides  again  into  two  (Maratti- 
acesB,  Lycopodium);  the  remainder,  now  termed  the  central  cell  of  the 
archegonium,  divides  transversely  into  two  unequal  parts,  the  upper 
and  smaller  being  the  ventral  canal-cell^  the  lower  and  larger  being 
the  oospliere.  As  the  archegonium  becomes  mature,  the  canal-cells 
become  mucilaginons,  the  neck  opens  by  the  separation  of  the  cells 
at  the  apex,  and  the  archegonium  is  ready  for  fertilisation. 

The  male  cell,  or  spermatozoid^  is  a  naked  motile  cell ;  it  is  a 
spirally  coiled  filament,  pointed  at  the  anterior  end  which  bears 
the  cilia,  becoming  thicker  towards  the  opposite  end ;  the  cilia 
are  nomerous  in  Filicinae  (incl.  Isoetes)  and  Equisetinae ;  two  in 
Lycopodinae. 

Each  spermatozoid  is  developed  singly  in  a  mother-cell  in  the 
antheridium  ;  it  consists  of  kinoplasm  with  a  nucleus  (see  p.  116). 
The  whole  of  the  contents  of  the  mother-cell  are  not,  however, 
devoted  to  the  spermatozoid  :  a  portion  remains  unused,  and  is 
discharged  together  with  the  spermatozoid,  to  which  it  adheres 
for  a  time  as  a  protoplasmic  vesicle  containing,  amongst  other 
constituents,  a  portion,  of  the  nuclear  substance  of  the  mother-cell 
(see  Fig.  266). 

The  female  cell,  or  oosphercy  is  a  naked  spherical  cell  lying  in  the 
venter  of  the  archegonium.     Its  development  is  described  above. 

Fertilisation  is  effected  by  the  entrance  of  spermatozoids  into 
the  open  neck  of  the  mature  archegoninm,  and  the  subsequent 
fusion  of  one  of  them  with  the  oosphere.  When,  as  is  usually  the 
case,  numerons  prothallia  are  developed  near  together  on  the 
ground,  and  become  wetted  by  rain  or  dew,  the  ripe  antheridia 
burst  and  sot  free  the  spermatozoids  which,  swimming  actively  in 
the  water,  are  attracted  to  the  mature  archegonia  by  means  of  an 
acid  excretion  which  is  discharged  from  the  neck  of  the  arche- 
gonium when  it  opens.  The  effect  of  fertilisation  on  the  oosphcro 
is  that  it  at  once  surrounds  itself  with  a  cell-wall  becoming  the 
oospore^  and  then  begins  to  develope  into  the  young  sporophyte. 
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In  a  few  cases  {e.g.  species  of  Trichomanes  and  Ljcopodiom) 
the  gfametophjte  (prothalliam)  maltiplies  vegetativelj  by  means 
of  gemmee,  which  are  short  spindle-shaped  rows  of.  cells  in  the 
one  case,  and  globular  multicellnlar  bodies  in  the  other. 

The  Life-Hislory  of  the  Pteridophyta  presents  in  all  cases,  a 
perfectly  clear  alternation  of  generations,  the  sporophyte  and  the 
garaetophyte  being  completely  distinct.  The  oospore  developes 
into  "  the  plant,"  be  it  Fern,  Equisetum,  or  Lycopod,  which  bears 
the  sporangia  and  spores,  and  is  the  sporophyte.  The  spores, 
when  shed,  germinate  to  form  the  gametophytes  (prothallia)  bear- 
ing the  sexual  organs. 

In  some  cases  among  the  Ferns,  the  transition  from  the  one 
generation  to  the  other  may  be  affected  without  the  intervention 
of  a  spore  of  any  kind.  Thus  (e.g.  Pteris  creiica,  Aspidium  faJca- 
tum,  Todea  africana)^  the  sporophyte  is  developed  fi-om  the  game- 
tophyte  without  the  intervention  of  an  oospore ;  there  are  either 
no  archegonia  on  the  prothallium  (Pteris  cretica),  or  if  present 
they  are  sterile ;  the  sporophyte  is  developed  as  a  bud  upon  the 
prothallium  (apogamy,  see  p.  87).  Jigain,  in  other  species  (Pohj- 
stichum  angtilare  var.  pulcherrxmum,  Athyrium  FiUx-fcemina  var. 
clar{$8ima)y  the  gametophyte  is  developed  from  the  sporophyte 
without  the  intervention  of  the  asexually -produced  spores  (apo- 
spory,  see  p.  87)  :  in  the  latter  plant  sporangia  are  developed, 
but  instead  of  producing  spores  they  grow  oat  into  prothallia ; 
in  the  former  plant  there  is  no  trace  of  any  sporangia,  and  the 
prothallia  are  formed  as  outgrowths  on  the  tips  of  the  leaf- 
pinnoB. 

The  Pteridophyta  are  classified  as  follows : — 

Class  V.  FILICIN-^.  The  sporophyte  is  characterised  by 
having  relatively  large  and  few  leaves  ;  the  sporopliylls  are  gener- 
ally similar  to  the  foliage- leaves  and  are  not  aggregated  into 
flowers ;  the  sporangia  are  numerous  on  the  sporophyll  (except 
Isoetes)  and  are  arranged  in  sori ;  the  archesporium  is  a  single 
cell  (except  Isoetes)  ;  the  embryo  has  a  primary  root  (except 
Isoetes,  Salvinia,  and  possibly  some  species  of  Trichomanes)  but 
no  suspensor. 

The  characters  of  the  gametophyte  vary  widely.  The  sper- 
matozoids  are  multiciliate. 

Sub-Class  HoMOSPOREJS.  The  sporophyte  produces  spores  of  one 
kind  only ;  the  prothallia  are,  as  a  rule,  monoecious,  and  become 
free  from  the  spore. 
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Section  EusporangiatSB.  Each  spoi^ngium  is  developed  from 
a  gi'oap  of  superficial  cells. 

Order  1.  Ophioglossacece.  Order  2.  MarattiacecB. 

Section  Leptosporangiatae.  Each  sporangium  is  developed 
from  a  single  superficial  cell.     (Filiccs  in  limited  sense). 

Order  1.  Osmundaceas.  Order  4.  Tolypodiacem, 

„     2.  SchizceacecB,  „     5.  Cyatheacece, 

jf    3.  OleicheniacecB.  „     6.  HymenophyllacecB, 

Sub-Class  HETEROSPOREiB.  The  sporophyte  produces  micro- 
spores and  macrospores ;  the  former  give  rise  to  male,  the  latter 
to  female,  pixtthallia  ;  the  prothallia  do  not  become  fi*ee  from  the 
spore. 

Section  Eusporang^iatae.  Each  sporangium  is  developed  from 
a  group  of  superficial  cells. 

Order  1.  Isoetacece, 

Section  LeptOSporangiatSB.  Each  sporangium  is  developed 
from  a  single  superficial  cell.     (Rhizocarpee  or  Hjdropteridead). 

Order  1.  Saltiniaceae,  Order  2.  Marsileacece. 

Class  VI.  EQUISETIN^.  The  sporophyte  is  characterised  by 
the  well-developed  branched  stem,  with  small  whorled  leaves 
forming  a  sheath  at  each  node ;  the  small  peltate  sporophylls  are 
aggregated  into  a  cone-like  flower  at  the  apex  of  each  fertile  shoot, 
and  bear  a  few  sporangia  on  the  inner  (inferior)  surface;  the 
archesporium  is  a  single  cell;  the  embryo  has  a  primary  root 
and  no  suspensor.  All  the  existing  forms  are  homosporous  and 
eusporangiate. 

The  ganietophyte  is  a  free,  green,  membranous  prothallinm, 
genei-ally  dioecious;  the  spermatozoids  are  mnlticiliate. 

Order  1.  Equisetacece. 

Class  VI  r.  LYCOPODIN^.  The  sporophyte  is  charactensed 
by  the  well- developed  branched  stem  with  numerous  small  scattered 
leaves ;  the  sporangia  are  borne  singly  either  on  the  upper  surface 
of  a  sporophyll,  or  on  the  stem ;  the  sporophylls  resemble  the 
foliage-leaves,  but  are  sometimes  aggregated  into  cone-like  flowers ; 
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the  arches poriam  is  mnlticellnlar ;  the  embryo  has  a  saspensor, 
bufc  no  primarj  root.     All  the  existing  forms  are  eusporangiate. 

The  characters  of  the  gametophjte  varj  widelj.  The  sperma- 
tozoids  are  biciliate. 

Sub-Class  HoMOSPORKiE  :  the  sporophyte  produces  spores  of  one 
kind  only ;  the  prothallia  are  free,  more  or  less  taberons,  mon- 
oecions. 

Order  1.     Lycopodiacece.         Order  2.     Psllotacece, 

Snb-CIass  Heterosporej:  :  the  sporophyte  prodnces  microspores 
and  macrospores;  the  former  gives  rise  to  male;  the  latter  to 
female,  prothallia;  the  prothallinm  does  not  become  free  from  the 
spore. 

Order  1.     Selaginellacece, 


The  relations  of  these  various  groups  may  be  simply  expressed 
as  follows : — 

FiLICINJB.  EQtnSBTniJB.  LTOOPODniiB. 

Homosparous  —   Filices  —  —  — ^Lepto- 

Ueteroiporous —  Hydropterideie     —  —  — /    iporangiaU, 

IMarattiaeeie      J  IPiiloUoea       |  \^Butporang%aU, 

Heterosporous—    Isoetacen  —(noneexiBting)—   Selaginellacta  i 
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CLASS  v.— PILICIN^. 

The  mataal  relations  of  the  orders  forming  this  class  are  clearlj 
expressed  in  the  following  table : — 

Eusporangiatce,  JjcpfonporangiatcB, 

Homoaporecg,  Ophioglossaceas.  Osmandacess. 

Marattiaceo).  SchizaBacesB. 

GleicheniaceiB. 

PolypodiacesB. 

Cyatheaceee. 

Hjmenophjllacee. 

Salyiniaceae. 
Marsileaceaa. 


Beterosparece.  Isoetaceo. 


A.      HOMOSPOBOUS  BuSPOIUlfaiATJI. 

Order  1.  Ophioglossacese.  This  order  inclades  the  three  genera  Ophio- 
|1ossam,  Botrjchinm,  and  Helminthostachys. 

Spobophttb.  The  stem  is  a  snhterranean  rhizome  (except  in  epiphytic 
Ophioglossums),  which  does  not  hranch  at  all  in  Ophioglossnm,  and  hat  little 
in  Botrjohinm  and  Helminthostaohjs ;  it  is  nsnally  short  and  erect,  bnt  in 
Helminthostachys  it  is  elongated,  dorsi ventral,  and  creeping.  The  rather  thick 
and  fleshy  roots  are  onbranched  in  Ophioglo»sam,  but  they  give  rise  to  ad- 
ventitious buds;  they  are  branched  in  Botrychium  and  Helminthostachys,  and 
prodoce  no  buds.  The  leaves  are  developed  close  together  at  the  apex  of  the 
rhizome,  and  are  not  oircinate,  or  only  slightly  so,  in  vernation  ;  their  growth 
is  so  slow  that  a  leaf  does  not  appear  above  ground  until  the  fifth  year  after  its 
first  development ;  generally,  only  a  single  leaf  appears  above  ground  each  year, 
when  more  are  developed  some  of  them  are  sterile.  The  sporophylls  are  re- 
markable for  their  peculiar  branching  (see  p.  51) ;  they  are  petiolate,  and  the 
petiole  branches  into  two,  the  one  bearing  a  sterile  and  the  other  a  fertile  lamina 
(Fig.  2o5),  the  fertile  branch  being  situated  on  the  ventral  surface  of  the  sterile ; 
the  sterile  lamina  is  leafy,  whilst  the  fertile  lamina  consists  of  little  more  than 
the  sporangia.  In  Opliioglossum  the  sterile  lamina  is  entire,  and  the  fertile 
lamina  is  spicate  with  two  lateral  rows  of  sporangia ;  in  Botrychium  the  sterile 
lamina  is  pinnate,  and  the  fertile  lamina  is  bi-pinnate  with  marginal  sporangia; 
in  Helminthostachys  the  sterile  lamina  is  digitate  pedate,  and  the  fertile  lamina 
is  spicate  with  the  sporangia  in  pedicellate  clusters.  The  sporangia  are  em- 
bedded in  the  tissue  of  the  sporophyll  in  Ophioglossum,  but  are  free  in  Botry- 
chium and  Helminthostachys  :  they  are  not  arranged  in  sori ;  they  are  globose, 
have  no  annulus,  but  dehisce  iuto  two  equal  valves  by  a  transverse  (Ophio- 
glossum, Botrychium)  or  vertical  (Helminthostachys)  slit ;  the  wall  of  the 
sporangium  consists  of  several  layers  of  cells ;  the  spores  are  numerous  and 
tetrahedral ;  the  archesporium  is  the  hypodermal  terminal  cell  of  the  axial  row 
of  cells  in  the  young  sporangium,  and  is  not  tetrabedral. 

The  sporophy  te  is  characterised  histologically  by  the  absence  of  solerenchyma, 
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point  of  both  stem  and  root. 


and  by  the  sebizosteUo  stnictare  of  the  stem  with  collateral  vascnlar  bundles ; 
the  stem  is  also  gamodesmio  in  Botrycbium  and  Helminthostacbys,  which  thas 
resemble  Eqnhetum  silvaticum  (see  Fig.  116),  whilst  Ophioglossam  resembles 
Equitft'im  litorale.    There  is  a  siugle  three-sided  apical  cell  in  the  growing- 

Ophioglossum  is  peculiar  in  that  there  is  no 
pericycle  in  the  stele  of  either  stem  or  root ; 
and  in  that,  in  some  species  {<),  vtUifatum^ 
lusitanicum,  etc )  the  stele  of  the  root  has 
two  xylem -bundles,  bat  O'lly  one  bast-bundle. 
The  collateral  bundles  of  the  stem  of  B  ■- 
trychium  and  Helminthostacbys  have  rudi- 
mentary cambium,  which  gives  rise  to  a  few 
secondary  xylem-tracheids ;  these  two  genera 
have  also  a  formation  of  superficial  cork  on 
t^ie  stem  and  sometimes  on  the  root.  No- 
tiling  is  known  as  to  the  embryogeny  of  the 
sporophyte. 

Gambtophttb.  The  germination  of  the 
spores  has  not  been  observed,  but  the  mature 
protballium  has  been  described  in  the  case 
of  Ophiof/lotsum  pedunculoium  and  Botrych- 
ium  Lunaria,  In  both  cases  it  is  tuberous, 
subterranean,  destitute  of  chlorophyll,  mo- 
ncBcious;  the  antheridia  are  sunk  in  the 
tissue,  and  the  short  necks  of  the  arohegonia 
project  bat  little.  It  appears  that  the  pro- 
tliallium  is  saprophytic,  though  possibly  it 
may  possess  chlorophyll  in  the  early  stages 
of  its  development.  It  is  altogether  un- 
differentiated in  Botrycbium,  being  a  some- 
what ovoid  body  not  more  than  half  a  liue 
long,  with  long  scattered  root-hairs,  bearing 
tlie  antheridia  chiefly  on  its  upper  surfa'^e, 
the  archegonia  chiefly  on  the  lower.  In 
(tphioglonsum  peduneultsum  it  appears  to  be 
differentiated  into  a  vegetative  and  a  repro- 
ductive portion;  it  consists,  at  first,  of  a 
small  round  tuber  from  which  springs  a 
cylindrical  shoot  which  grows  upward  to  the 
surface  of  the  soil.  When  the  shoot  reaches 
the  surface  it  ceases  to  elongate  and  becomes 
lohed,  assuming  a  green  colour;  it  bears 
antheridia  and  archegonia,  and  is  therefore 
a  gametophore,  as  distiuguished  from  the 
original  tuber  which  bears  no  sexual  organs. 

Ophioglouam  vtUjatun  (the  Adder's  tongue)  is  the  British  species  of  this 
genus ;  O.  Iwiitanicum  has,  however,  been  found  in  Guernsey.  The  epiphytio 
species  are  O.  pendulum  and  O.  palmitunif  both  tropical  forms  ;  the  latter  has 


Fie.  26S.  —  BotrjeKiwn  Luitaria 
(nat.  bim):  w  rootn;  tt  stem;  bi 
leaf -stalk ;  «  point  where  the  leaf 
br&nches;  the  sterile  lamina  (h) 
separating  fh>m  the  fertile  branch 
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palmately-lobed  sterile  fronds.  B  itryohiam  is  represented  in  the  British  Flora 
bj  B,  Lunaria  (the  Moon-wort)  which  ooours  in  hilly  districts.  Helmin- 
tbostaohys  includes  the  single  species  H.  zeylaniea  which  ocoars  in  the  Eastern 
tropics. 

Order  2.  Marattiaceae.  This  order  inclmles  the  genera  Marattia,  Angio- 
pteris,  Eaulfnssia,  and  Danaea,  none  of  which  are  European,  but  are  mainly 
tropical. 

SpoBOPHTrB.  In  its  general  morphology  the  sporophyte  agrees  with  that  of 
the  Ophioglossacesa ;  but  the  leaves  are  more  numerous,  much  larger,  compound, 
and  circinate  in  Ternation,  and  each  bears  a  pair  of  stipules.  Branching  of  the 
stem  occurs  only  in  Dansa ;  in  Eaulf  ussia  the  stem  is  a  subterranean,  creeping, 
dorsiventral  rhizome.  The  roots  are  somewhat  fleshy,  and  are  much  branched. 
The  apical  growing-point  of  both  root  and  stem  consists  of  a  group  of  a  few  (four 
or  more)  initial  cells.  The  sporophylls  are  not  differentiated  into  a  sterile  and 
a  fertile  portion,  but  have  the  appearance  of  foliage-leaves.  The  numerous 
sporangia  are  borne  in  sori  on  the  ribs  of  the  under  surface  of  the  sporophyll ; 
in  Angiopteri^  the  sporangia  of  a  sorus  are  free,  whilst  in  all  the  other  genera 
they  are  coherent,  forming  a  tynangium  (see  p.  72  and  p.  875).  The  sporangia 
are  not  embedded  in  the  placenta;  they  are  generally  sessile,  but  the  synangium 
is  sometimes  (Marattia,  tecU  Eupodium)  shortly  stalked;  they  have  no  an- 
nulus;  they  dehisce  generally  by  a  longitudinal  slit  on  the  inner  side,  but  in 
Daniea  by  a  single  apical  pore;  the  wall  of  the  mature  sporangium  consists  of 
several  layers  of  cells.  The  archesporium  is  the  terminal  hypodermal  cell  of 
the  axile  row  of  cells  of  the  young  sporangium.  The  spores  a/e  numerous,  and 
are  either  tetrahedral  or  radial. 

The  stem  is  polystelic ;  the  arrangement  of  the  phloem-  and  xylem-bundles 
of  stem  and  leaf  is  completely  concentric ;  there  is  no  well-marked  endodermis, 
except  in  Danoa;  there  is  no  sclerenchyma  in  Angiopteris,  and  in  the  other 
..genera  (except  Dausea)  it  is  not  so  well  developed  as  in  the  leptosporangiate 
Ferns ;  the  tissues  are  penetrated  by  lysigenous  gum-passages. 

The  embryology  of  the  sporophyte  is  known  in  Angiopteris  and  Marattia. 
The  oospore  divides  by  a  basal  wall  which  U  transverse  to  the  long  axis  of  the 
archegonium ;  octants  aro  then  formed,  as  in  the  leptosporangiate  Ferns ;  from 
the  epibasal  octants  (furthest  from  the  neck  of  the  archegonium)  arise  tbe 
primary  leaf  (cotyledon)  and  stem ;  from  the  hypobasal  octants  (next  the  neck 
of  the  archegonium)  arise  the  foot  and  the  primary  root ;  the  cotyledon  grows 
straight  upwards  and  penetrates  the  tissue  of  tbe  prothallium  overlying  it. 

Gavbtophytb.  On  germination  the  spore  gives  rise  to  a  dorsiventral  green 
prothallium,  which  be${ins  as  either  a  plate  or  a  mass  of  cells,  and  only  rarely 
(under  abnormal  conditions)  as  a  filament ;  it  grows  by  an  apical  cell,  and  pro- 
duces root-hairs  posteriorly.  A  projecting  cushion  of  tissue,  representing  a 
gametophore,  is  developed  on  the  under  surface  in  the  median  line ;  it  produces 
firat  antheridia  and  then  archegonia,  so  that,  in  a  fully -developed  prothallium, 
the  antheridia  are  on  the  posterior  and  the  archegonia  on  the  anterior  portion 
of  the  gamet'tphore ;  some  antheridia  are,  however,  also  developed  on  the 
upper  surface  of  the  prothallium ;  the  antheridia  are  completely,  the  arche- 
gonia almost  completely,  sunk  in  the  tissue.  The  neck  canal-cell  generally 
divides  transversely  into  two. 
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B.      HSTEBOBPOROUS  EUSPOBAKOIATJB. 

Order  8.  IsoetaceaB.  This  order  includes  the  single  genns  Isoetes  which 
ooinprises  about  fifty  species  belonging  to  all  parts  of  the  globe.  Some  of  these 
are  terrestrial  {l.  Duricgi  and  Hystrix),  whilst  others  are  either  altogether 
aquatic  {e.g.  I,  lacuttrit^  echiuotpora,  etc.),  or  amphibious  {eg.  I.  velata^ 
tetacea^  horyana).  The  British  species  are  J.  lacustrie,  echinospora,  and 
Hyetrix. 

Isoetes  has,  of  recent  years,  been  generally  included  among  the  LyoopodinsB : 
but  it  betrays  a  relntionship  to  the  Filicins  in  so  many  features,  such  as  its 
general  habit,  its  embryogeny,  the  absence  of  any  eone-Iike  fructification,  the 
form  of  its  spermatozoids,  that  it  appears  to  be  more  natural  to  place  the  plant 
in  that  group. 

Spobophttb.  The  stem  is  small,  nnbranched,  short  and  tuberous,  with 
either  two  or  three  longitudinal  furrows  which  give  it  a  lobed  appearance.  It  is 
closely  corered  with  numerous,  relatively  long  (1-12  in.),  sessile  leaves.  From 
the  furrows  of  the  stem  there  spring  numerous,  diohotomously  branched,  some- 
what fleshy  roots. 

The  growth  in  length  of  the  stem,  which  is  very  slow,  is  effected  by  an  apical 
growing-point  consisting  of  several  initial  cells.  The  growing-point  of  the  root 
consists  of  small-celled  meristem,  and  presents  a  similar  differentiation  to  that 
of  the  root  of  Dicotyledons  (see  pp.  145  and  154). 

The  leaves  are  either  fertile  or  sterile ;  the  fertile  leaves  each  bear  a  single 
sporangium,  and  are  termed  macrosporophylls  or  microsporophylls  in  accord- 
ance with  the  nature  of  the  sporangium  which  they  severally  bear.  The  order 
of  development  of  the  leaves  in  each  year  is  that  first  of  all  macrosporophylls 
are  produced,  tlien  microsporophylls,  and  finally  a  few  sterile  leaves  in  some 
species.  Hence,  when  the  development  is  completed,  the  macrosporophylls  are 
external  in  the  rosette,  the  sterile  leaves  (when  present)  internal,  and  the 
microsporophylls  intermediate.  The  sterile  leaves  persist  during  the  winter, 
find  form  a  protection  in  the  next  spring  to  the  young  leaves  developed  inter- 
nally to  them  at  the  growing-point. 

The  fertile  leaves,  whether  macro-  or  micro-sporophylls,  consist  of  a  broad, 
sheathing  base,  with  membranous  margins,  which  bears  a  narrow  subulate 
lamina,  flattened  somewhat  on  the  upper  (ventral)  surface.  Close  above  the 
insertion,  on  the  upper  or  inner  surface  of  the  l^af-base,  is  a  pit,  the  fovea^  in 
which  the  single  sporangium  is  situated.  In  some  species  the  margin  of  the 
fovea  is  prolonged  into  a  membrane,  the  veluvny  which  either  partially  (e.g. 
J.  Iacu8tri$)t  or  completely  (terrestial  species),  covers  the  sporangium.  This 
structure  appears  to  be  homologous  with  the  indusinm  present  in  some  of  the 
leptosporangiate  Ferns  (see  p.  891).  Above  the  fovea,  in  the  middle  line, 
is  another  smaller  pit,  the  foveola,  occupied  by  the  somewhat  swollen  base  of 
a  projecting  flattened  membranous  structure,  the  Ugule,  which  is  developed 
from  a  single  superficial  cell  of  the  young  foveola,  and  is  relatively  much 
laiiger  in  the  quite  young  leaf  than  in  the  adult. 

The  sterile  leaves  are  less  highly  developed  than  the  fertile;  they  are 
smaller,  especially  as  regards  the  leaf-base.  In  the  terrestrial  species  they  are 
reduced  to  scaly  oataphyllaiy  leaves  of  a  brown  colour.    The  leaf  grows  for  but 
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a  veiy  short  time  by  means  of  an  apieal  growing  point.  Its  farther  growth  is 
iutercalary  by  means  of  a  zone  of  merismaiic  eells  situated  just  above  the 
liKule.  In  the  sporophylis  the  tissue  below  the  ligale  also  remains  merismatio 
for  a  time,  thas  providing  the  necessary  space  for  the  sporangium. 

The  sporangium  is  developed  from  a  group  of  cells  in  the  fovea.  The 
archesporium  consists  of  a  layer  of  hypodermal  cells  in  the  young  sporangium. 
In  a  miorosporangium  all  tho  arohesporial  cells  grow  and  divide  so  as  to  form 
rows  radiating  from 
the  free  surface  to 
the  attachment  of  the 
sporangium.  Some 
of  these  rows  of  cells 
soun  cease  to  grow, 
and  are  not  sporo- 
genous,  but  remain 
as  plates  of  tissue, 
termed  trabteuia, 
which  imperfectly 
chamber  the  cavity 
of  the  miorosporang- 
ium. Of  the  remain- 
ing cells,  the  ma- 
jority constitute  the 
mother-cells  of  the 
microspores  invested, 
towards  the  wall  of 
the  sporangium,  by 
sterile  cells  forming 
the  tapetum.  In  a 
macrosporangium, 
the  fertile  archespor- 
ial  cells  undergo  but 
a  single  division, 
wbilst  the  trabecule 
are  formed  as  in  the 
miorosporangium. 
The  large  mother- 
cells  of  the  macro- 
spores  are  isolated, 
and  each  is  invested 
by  a  tapetal  layer. 
Each  spore-mother- 
cell  gives  rise,  finally, 
to  four  spores.  With 
regard  to  the  morph- 
ology of  the  sporangium  it  may  be  pointed  out  that  the  segmentation  of  the 
archesporium  by  the  formation  of  the  trabecule,  which  is  characteristic  of 
Isoetes,  is  probably  to  be  taken  as  indicating  a  tendency  towards  the  develope- 
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Fxo.  258.— IfO0{«t  laetutrU  (after  Lnerseen).  A  Plant,  half 
nat  size :  r  (lichotomoasly  branched  tools.  B  Inner  (ventral) 
sarfaoe  of  base  of  a  sporophyll :  I  ligale ;  /  fovea.  C  Longi- 
tadinal  section  of  base  of  a  aporophyll :  $p  the  sporangium 
in  the  fovea ;  tr  the  trabeculn ;  «  the  velatn ;  I  the  ligale.  D 
Transverse  seciion  of  the  base  of  a  sporophyll :  letters  as  in  C. 
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meot  of  several  distinct  sporangia  in  the  place  of  one,  a  tendency  which  ia 
more  clearly  marked  in  the  Marattiaceas. 

With  regard  to  the  histology  of  Isoetes,  the  monostelic  stem  has  a  solid  cen- 
tral mass  of  vascnlar  tissae  formed  by  the  collateral  bandies  coming  from  the 
leaves.  The  wood  consists  of  very  short  reticulated  and  spiral  tracheids  with 
scattered  parenchymatous  cells,  and  is  surrounded  by  a  layer  of  transparent 
tissue,  consisting  of  shortly  prismatic  cells  with  broad  and  delicate  pits,  which 
represents  the  bast.  From  the  lower  surface  of  the  vancular  mass,  opposite  the 
furrows  of  the  stem,  are  given  off  the  bundles  which  go  to  the  roots. 

The  stem  undergoes  slow  growth  in  thickness,  effected  by  a  merismatic  layer 
situated  externally  to  the  layer  of  prismatic  cells,  and  only  interrupted  by  the 
passage  of  bundles  from  the  axial  vascular  cylinder  of  the  stem  to  the  leaves 
and  roots.  The  merismatic  layer  gives  rise  to  tissue  both  internally  and  exter- 
nally. The  internal  tissue  consists  of  vascnlar  tissue,  and  is  formed  in  relatively 
small  quantity ;  the  external  tissue  is  bulky,  and  consists  of  parenchymatous 
cortical  cells.  This  cortical  tissue  is  not  produced  uniformly  all  round,  but  on 
two  or  three  sides,  according  to  the  species.  It  is  to  this  that  the  lobed  and 
furrowed  appearance  of  the  stem  is  due. 

The  leaves  are  characterised  by  the  presence  of  four  longitudinal  rows  of  large 
intercellular  air-spaces,  extending  from  one  end  to  the  other  in  the  mesophyll,  and 
by  the  presence  of  a  single  median  vascular  bundle.  In  the  aquatic  species  there 
are  no  stomata  in  the  epidermis ;  the  intercellular  spaces  are  situated  deeply 
within  the  tissue,  and  there  are  no  hvpodermal  strands  of  sderenohymatoaa 
tissue.  In  the  amphibious  and  terrestrial  species  there  are  stomata,  the  inter* 
cellular  spaces  are  superficial  (immediately  beneath  the  epidermis  in  terrestrial 
species),  and  there  are  longitudinal  hypodermal  strands  (4-6)  of  solerenohyma- 
tous  tissue  which  give  rigidity  to  the  leaf. 

The  root  has  an  essentially  diaroh  stele,  which  becomes,  however,  monaroh 
as  in  Ophioglosmm  vulgatum.  It  is  surrounded  by  a  well-marked  bnndle- 
sfaeath.  The  cortical  tissue  is  clearly  marked,  by  intercellular  spaces,  into  an 
inner  and  an  outer  region. 

Ttie  development  of  the  embryo-sporophyte  begins  with  the  formation  of  the 
basal  wall,  which  is  obliquely  transverse  to  the  long  axis  of  the  arohegonium, 
and  divides  the  oospore  into  an  epibasal  and  a  hypobasal  half.  Both  these 
cells  undergo  division  into  two,  by  the  formation  of  a  wall,  the  tran$vfne 
wall,  at  right  angles  to  the  basal  wall,  so  that  the  embryo  now  consists  of  four 
quadrant-cells ;  and  this  appears  to  be  generally  followed  by  the  formation  of 
a  vertical  wall,  the  median  wall,  at  right  angles  to  the  two  preceding,  so  that 
the  embryo  comes  to  consist  of  eight  ostantoells.  Owing  to  the  difficulty  of 
distinguishing  the  growing-point  of  the  young  stem,  there  is  still  some  uncer- 
tainty as  to  the  exact  relation  of  the  members  of  the  embryo  to  these  octants, 
but  it  appears  to  be  probably  somewhat  as  follows :  The  first  leaf  {eotyledtm) 
arises  from  the  two  upper  epibasal  octants ;  the  growing-point  of  the  stem,  to- 
gether with  the  first  root,  arises  from  the  two  lower  epibasal  octants ;  the  four 
hypobaf^al  octants  give  rise  to  the  large  foot.  If  this  be  so,  then  the  first  root, 
springing  as  it  does  from  the  epibasal  half  of  the  embryo,  must  be  regarded,  not 
as  a  true  primary  root,  but  as  an  adventitious  root,  a  view  which  is  supported 
by  the  fact  that  the  origin  of  the  growing-point  of  the  root,  though  not  abso* 
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lately  exogenous,  is  saperfioioL  In  this  respeot  Isoetes  would  differ  horn  the 
other  FiUcioiB. 

The  first  indication  of  the  development  of  the  members  is  the  segmentation 
of  each  octant  after  the  manner  of  a  tetrahedrol  apical  cell,  so  that  for  a  short 
period,  stem,  root,  and  leaf  may  be  said  to  grow  by  means  of  an  apical  celL 
By  the  formation  of  periclinal  walls,  these  cells  are  soon  converted  into  a 
merismatio  tissue. 

The  growth  of  the  cotyledon  and  of  the  firat  root  is  rapid  ;  that  of  the  stem 
slow  :  the  cotyledon  and  the  first  root  soon  make  their  way  out  of  the  macro- 
spore,  when  the  former  becomes  green  and  the  latter  curves  into  the  soil :  the 
growing-point  of  the  stem  is  deeply  seated  between  the  bases  of  the  cotyledon 
and  of  the  root.  A  second  leaf  is  early  developed  from  the  growing-point  of 
the  stem  and  is  opposite  to  the  cotyledon  :  these  two  first  leaves  are  smaller  tlum 
those  produced  later,  and  have  only  two  longitudinal  rows  of  air-chambers 
instead  of  four.  The  second  root  is  developed  endogenously  from  a  group  of 
cells  at  the  base  of  the  second  leaf :  it  is  clearly  adventitious. 

Gambtophttb.  As  Isoetes  is  heterosporous,  the  gametophyte  is  represented 
by  distinct  male  and  female  individuals,  which  remain  connected  with  the  spores 
producing  them. 

The  vmU  individual  is  developed  from  a  microspore.  The  microspore — which 
has  the  form  of  the  quadrant  of  a  sphere  and  is  consequently  of  the  bilateral  or 
radial  type— undergoes,  on  germination,  division  by  a  transverse  wall,  formed 
near  one  of  its  somewhat  pointed  ends,  into  two  cells,  a  large  and  a  small :  the 
latter  is  the  vegetative  cell,  and  undergoes  no  further  change ;  the  former  U 
the  mother-cell  of  the  male  organ  or  antheridium.  The  prothallium  here  is  thus 
very  much  reduced,  consisting  of  a  single  antheridium  and  of  a  single  purely 
vegetative  cell.  The  antheridium,  developed  by  the  growth  and  division  of  the 
motber-cell,  consists  of  four  peripheral  cells  forming  the  wall,  and  of  four 
central  cells,  each  of  which  gives  rise  to  a  single  spirally  coiled  multiciliate 
spermatozoid. 

The  female  individual  is  developed  from  a  macrospore.  The  macrospores  are 
much  larger  than  the  microspores,  and  are  nearly  globular  in  form,  though 
they  belong  to  the  tetrahedral  type,  as  can  be  seen  by  the  three  ridges  on 
the  spore  where  it  was  in  contact  with  the  other  three  developed  from  the 
same  mother-cell.  On  germination,  the  nucleus  of  the  macrospore  undergoes 
repeated  division  ;  this  is  followed  by  free  cell- formation  iu  the  apical  region 
(the  pointed  end  where  the  three  ridges  meet)  of  the  macrospore,  the  result 
being  the  formation  of  a  small-celled  tissue;  subsequently  cell-formation 
extends  into  the  basal  portion  of  the  spore,  a  tissue  being  formed  there  con- 
sistiug  of  relatively  large  cells  with  coarsely  granular  contents.  Thus  the 
macrospore  becomes  completely  filled  with  a  mass  of  cellular  tissue  which  con- 
stitutes the  female  prothallium :  the  apper  small-celled  tissue  is  the  ess^eutially 
reproductive  portion,  whilst  the  lower  large-celled  tissue  simply  servos  as  a 
depository  of  nutritive  substanees. 

The  female  organ,  tho  archegonium,  is  developed  from  one  of  the 
snperfieial  cells  of  the  small-celled  prothallial  tissue,  after  the  manner  de- 
scribed on  page  877.  It  appears  that  two  or  three  archegonia  are  usually 
formed :  but  if  none  of  these  primary  archegonia  are  fertilised,  a  small  number 
of  additional  archegonia  may  be  subsequently  developed. 
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The  archegonia  are  exposed,  for  the  parpose  of  fertilisation,  bjthe  splitting 
of  the  coats  of  the  macrospore  along  the  three  ridges  already  described :  the 
prothalliam  does  not,  however,  project  from  the  spore,  nor  does  it  become 
green.  After  fertilisation,  the  oospore  developes  into  the  embryo  as  described 
aboye :  the  foot  of  the  embryo  grows  down  into  the  large  cells  of  the  basal  por- 
tion of  the  prothalliam,  absorbs  the  natritive  sabstanoed  which  were  stored 
up  in  them,  and  thns  supplies  the  embryo  with  food  until  such  time  as  its  leaves 
and  roots  are  sufficiently  developed  to  enable  it  to  nourish  itself  in  the  usual 
way. 


C.  HOMOSPOROUS  LEPTOSPORANGIAT^  (Filices). 

The  orders  constituting  this  gronp  have  so  mnch  in  common 
that  thej  may  be  advantageously  considered  all  together. 

Sporophytb.  The  body  is  differentiated  into  stem,  leaf,  and  root 
(generally) :  the  leaves  are  large  in  proportion  to  the  stem,  and  are 
relatively  few  in  nnmber. 

The  stem  has  either  radial  or  dorsiventral  symmetry.  In  the 
former  case  it  is  commonly  short  and  straight ;  it  grows  into  the  air 
erect,  or  at  any  degree  between  the  vertical  and  the  horizontal ; 
its  surface  is  generally  completely  covered  by  the  insertions  of  the 
spirally  arranged  leaves,  and  by  adventitious  roots :  it  becomes, 
however,  elongated,  to  a  considerable  height  sometimes,  in  the 
Tree-Fems. 

In  the  latter  case,  the  stem  grows  as  a  rhizome  either  on  or  in 
the  soil,  or  on  the  surface  of  some  tree  upon  which  the  plant  lives 
as  an  epiphyte  :  the  leaves  are  borne  on  its  dorsal  surface,  either 
in  two  rows  (e.g.  species  of  Aneimia  and  Polypodium),  or  in  a 
single  row  (e.g.  Lygodium  palmatum,  Folypodium  Heracleum  and 
P.  quercifolium)  :  from  the  lower  (ventral)  surface,  spring  the 
adventitious  roots. 

The  growth  in  length  of  the  stem,  is  effected  by  a  growing-point 
with  a  single  apical  cell  (with  the  occasional  exception  of 
Osmunda) :  the  apical  cell  is,  as  a  rule,  a  three-sided  pyramid 
with  its  spherical  base  at  the  surface :  but  in  Pteris  aquilina  it 
is  usually  a  two-sided  lenticular  cell,  with  its  longer  axis  in  the 
dorso- ventral  plane. 

The  radial  stems  branch  but  little,  least  of  all  when  the  stem 
is  elongated,  as  in  the  Tree-Fems ;  and  such  branching  as  there 
is  appears  to  be  mainly  adventitious,  the  buds  springing  from  the 
bases  of  the  leaves.  In  the  dorsiventral  stems  there  is  normal 
lateral  branching,  which  takes  place  in  the  transverse  plane :  the 
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branches  are  borne  on  the  flanks  of  the  stem,  and  are  frequently 
(e.g.  some  Hymenophyllace®)  axillary  in  their  origin. 

The  leaves  are  for  the  most  part  folia^e-leaves,  thongh  scaly 
leaves  are  fonnd  on  the  subterranean  rhizomes  of  Onoclea  Stru' 
thiopteris  and  Osmunda  regcdie,  and  in  some  oases  the  sporophylls 
are  more  or  less  differentiated  from  the  sterile  leaves. 

The  foliagc'leaves  are  relatively  large,  sometimes  entire  (e.g. 
Scolopendrium),  but  generally  more  or  less  deeply  and  repeatedly 
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Fio.  257.— Sori  (s)  ot  the  most  important  groaps  of  LeptoaporaT^nato  Fern*,  nil  se^n  frnm 
below.  A  Pinna  of  Trichomane*  ftnuosum,  one  of  tlie  Hymenopliyllaceee :  r  projecting 
placenta;  •  sporangia;  i  indiiaium;  at  a  half  of  the  iDdotinm  is  removed.  B  Pinna  of 
Davallia  (LeuoosteKia)— at  t  the  one«valved  indusiam  (t)  is  tamed  back.  C  Part  of  a  leaf  of 
PterU  itrrulata:  t  the  sporangia ;  m  the  inverted  margin.  D  Lacinia  of  Nephrodinm— nt 
•  the  indnsium  is  aembved,  and  al  r  the  sporanRia  also.  E  Lacinia  of  an  Aspleniuro— at 
a  the  indiisium  is  turned  back.  F  Pinna  of  Polypodtum  vuJgart  with  naked  sori— «t  r  the 
sporangia  are  removed.    (All  aro  x  S  to  0.) 

ptnnately  lobed  or  branched ;  sometimes  dichotomously  branched 
(e.^.  P)atycerinm,  species  of  Schizsea). 

The  leaves  in  all  cases  haye  apical  growth  ;  the  growing-point 
has,  in  most  of  the  orders,  a  two-sided  apical  cell,  whilst  in  the 
OsmnndaceflB  the  apical  cell  is  tetrahedral.  In  Lygodium,  where 
the  leaf  is  a  climbing  organ,  the  apical  growth  is  long  continued. 
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The  leaf  arises  from  a  single  superficial  cell  of  the  growing- 
point  of  the  stem.  When  young  it  is  strongly  hyponastic  (see 
p.  60),  so  that,  as  it  elongates  and  branches,  both  the  main  axis 
of  the  leaf  (phyllopodinm)  and  the  lateral  branches  become 
inrolled  npon  themselves  like  a  crosier:  in  other  words,  the 
vernation  is  circinate:  as  it  grows  older  the  growth  becomes 
epinastio,  and  thas  the  leaf  becomes  expanded. 

In  the  great  majority  of  these  Ferns  the  ttporophyUs  are  simply 
foliage-leaves  bearing  sporangia  on  the  dorsal  surface,  but  in 
certain  oases  they  are  more  or  less  specialised.  Thus,  in  Onodea 
StruthiopterU,  the  sporophylls  are  smaller  than  the  foliage-leaves, 
and  have  nari*ower  pinnsB :  in  the  Hard  Fern,  Blechnum  boreale, 
the  sporophylls  are  longer  and  have  narrower  pinnse  than  the 
foliage-leaves:  in  Osmunda regcUis  the  pinnse  of  the  upper  branches 
of  the  sporophyll  are  reduced  to  little  more  than  the  midrib,  the 
pinnules  being  represented  by  clusters  of  sporangia :  in  Aneimia 
{e.g.  J.  Phyllitidis)  generally  the  lowest  pair  of  pinnaB  of  the 
sporophyll  alone  bear  sporangia;  these  pinnsB  consist  merely  of  the 
nervature  bearing  numerous  sporangia,  and  are  erect  on  much 
elongated  secondary  petioles :  in  Platycerium  alcicome  there  is  a 
curioas  instance  of  specialisation;  the  foliage-leaves  Are  broai, 
and  closely  appressed  to  the  substratum,  whereas  the  sporophylls 
are  erect,  narrow,  and  branched. 

The  sporangia  are  but  rarely  borne  on  the  superior  (ventral) 
surface  of  the  sporophyll  (e.g.  Olferna  cervina) ;  more  commonly 
on  the  margin  (e.j,  Hymenophyllaceaa,  Dicksonia,  Davallia)  ;  but 
as  a  rule,  on  the  dorsal  surface,  either  near  to  the  margin  {e.g. 
Pteris,  Adiantum),  or  distant  from  it  {e.g.  Aspleninm,  Aspidium, 
etc).  They  are  usually  developed  in  connexion  with  the  nervature 
of  the  sporophyll,  but  sometimes  also  from  the  intervening  tissue 
of  the  lamina  (Acrostichead,  such  as  Polybotrya,  Chrysodium)  :  in 
the  former  case  they  occur  in  groups,  termed  son\  which  are 
commonly  isolated,  but  occasionally  {e.g.  Pteris)  a  continuous 
marginal  sorus  is  formed. 

The  8oru8  generally  consists  of  a  large  number  of  sporangia :  in 
the  Gleicheniaceee,  however,  the  number  is  small  (2-8);  and  in 
some  cases  {e.g.  Lygodium)  there  is  only  a  single  sporangium. 
The  sporangia  of  the  sorus  are  borne  on  a  projection  of  tissue, 
the  placenta  or  receptacle^  which  presents  various  forms :  it  may 
be  a  slight  rounded  elevation  {e.g.  Aspidium) ;  or  more  elongated 
and  conical  {e.g.  Cyathea,   Hymenophyllum) ;  or  very  long  and 
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filiform,  bearing  sporangia  only  at  its  base  (e.g.  species  of  Tricho- 
nianes)  ;  or  a  ridge  {e.g.  Pteris,  Blecbnnm). 

The  soms  is  quite  bare  in  many  forms  (GleicheniacesB ; 
Osmnndacese ;  Alsopbila  among  CyatheacesB  ;  SchizBBacesB,  except 
Ljgodinm ;  Polypodie») ;  in  others  it  is  more  or  less  covered  by  a 
protective  membrane,  the  indusium,  whicb  is  an  ontgrowtb  of  the 
tissue  of  the  leaf,  generally  of  the  epidermis  alone.  When  it 
springs  from  the  placenta  below  the  sorns  {indusiuminferum)^  it 
is  somewhat  cap-shaped :  in  the  extreme  case  of  Diacalpe 
(Polypodiaceae)  the  indusium  forms  a  completely  closed  globular 
investment  to  the  sorus;  it  is  nrceolate  and  entire  in  Trichomanes 
(Fig.  257  A),  Lygodium,  Cyathea,  Davallia :  it  is  bilabiate  in  Hy- 
meiiophyllum ;  two-valved  in  Cibotium,  Dicksonia;  or  it  consists  of 


A-  B. 

Fio.  259.— A  dehifloed  ipor- 
snicinm of  iispulium Filic-mas  Fio.  269. — Section!  of  young:  sporangia;   il  of  a 
( X  00) :   a  the  stalk,  with  a  Fern  (Mohria),  B  of  Bquisetum  ( x  160):  w  wall ;  t  tape- 
gland  nlar  hair  p ;  r  the  anna-  tarn ;  a  t  archesporiom. 
liis ;  •  the  stomlnm. 

a  single  lateral  valve,  as  in  Hemitelia  and  Cystopteris :  in  Woodsia 
the  calyciform  indusium  is  laciniate,  the  lacinise  frequently  ending 
in  long  hairs.  When  it  springs  from  the  apex  of  the  plaxienta, 
above  the  sorus  (indusium  superum)^  the  indusium  has  the  general 
appearance  of  a  peltate  scale,  either  orbicular  in  outline  (Aspid- 
ium)  or  reniform  (Nephrodium,  Fig.  257  D).  When  it  is  developed 
on  one  side  of  the  sorus  (indutium  laterale),  the  indusium  is  a  long 
narrow  scale,  attached  along  its  length,  and  overlying  the  sorns 
(e.g.  Asplenium  [Fig.  257  JEr],  Blechnum,  Scolopendrium).  In  some 
cases,  where  the  sori  are  near  the  margin,  they  are  protected  by 
a  false  indusium,  which  is  merely  the  incurved  margin  of  the  leaf 
{e.g.  Cheilanthes,  Adiantum^  some  species  of   Pteris).     In  Pteris 
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aquUinay  and  some  other  species  (section  Omithopteris),  in 
addition  to  the  false  indusinm,  there  is  also  a  membrane  along  the 
inner  side  of  the  sorns,  which  is  a  kind  of  lateral  indusium, 
adapted  to  protect  a  continuous  marginal  sorus. 

In  some  cases  hairs  of  various  form,  termed  paraphyses,  also 
spring  from  the  placenta  among  the  sporangia ;  not  nncommonlj, 
when  the  sorns  is  naked,  these  hairs  are  scalj,  often  peltate,  and 


Fro.  itn.SeoloTpendriwm  wlgar$  (BmrVB-Urngm  Fen).  A  Tmugrene  section  of  a  noma ; 
i  indnsinm ;  t  g  sporangia.  B-B  Sporangia ;  B  and  B  seen  sideways ;  C  in  front ;  D  firom 
the  back ;  F  a  spore,    (il  x  60 ;  B-B  x  146 ;  Fx  640 :  after  Strasbarger.) 

serve  to  protect  the  sporangia  (e.g.  Notochlsena,  Platycerium,  Ple- 
opeltis,  Hymenolepis,  etc.).     In  some  forms  (e.g.  Aspidium  Filix- 
mcLs)  the  stalks  of  the  sporangia  bear  glandular  hairs ;  sometimes 
even  the  sporangia  themselves  (e.g.  PolypocHum  crassifoUum) , 
With  the  possible  exception  of  the  OsmundacesB,  each  sporangium 
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is  developed  from  a  single  superficial  cell.  The  coll  gprows  so  as 
to  project  more  or  less :  it  is  then  divided  into  two  cells — an  onter, 
the  mother-cell  of  the  sporanginm;  an  inner,  the  stalk-cell— by  a 
wall  which  may  be  horizontal  (most  Poljpodiacesd)  or  oblique 
(as  in  HymenophyllacesB,  SchizaBace®).  As  the  mother-cell  of  the 
sporanginm  grows,  it  undergoes  division  by  the  successive  forma- 
tion of  three  oblique  walls,  intersecting  one  another  below  at  an 
angle  of  about  60^,  and  reaching  above  to  the  wall  of  the  mother- 
cell;  at  this  sti^  the  sporangium  consists  of  three  latere- basal 
external  cells  snrrounding  the  pointed  lower  end  of  a  tetrahedral 
cell,  the  spherical  base  of  which  occupies  the  summit  of  the  spor- 
angium.  A  wall  is  now  formed  in  the  tetrahedral  cell,  parallel  to 
its  spherical  free  surface,  and  intersecting  the  three  oblique  walls ; 
so  that  the  sporangium  now  consists  of  four  peripheral  cells,  form- 
ing the  wall,  and  a  central  cell.  From  the  central  cell  are  cut  oS, 
by  successive  walls  parallel  to  its  sides,  four  cells  which  give  rise 
to  the  tapetum  by  subsequent  growth  and  radial,  and  sometimes  tan- 
gential, division;  the  remaining  internal  tetrahedral  cell  constitutes 
the  unicellular  carchesporium  from  which  the  spores  are  derived. 

As  the  young  sporangium  grows,  it  gradually  assumes  its 
deBnitive  form  (oval-lenticular,  as  in  Polypodiacese,  Cyatheacefie; 
discoid,  as  in  HymenophyllaceflB ;  ovoid,  as  in  most  Schizseaceee ; 
globose,  as  in  Ceratopteris  and  Mohria).  The  four  primary  peri- 
pheral cells  undergo  repeated  radial  division,  and  form  the  wall 
of  the  sporangium,  which  ultimat-ely  consists  of  a  single  layer  of 
cells  with  cuticularised  walls :  a  portion  of  the  wall  is  in  all  cases 
developed  to  form  the  ring  or  annulus,  by  means  of  which  the 
dehiscence  of  the  sporangium  is  efPected,  the  walls  of  which  are 
specially  thickened  and  cuticularised,  coloured  yellow  or  brown, 
and  are  elastic.  The  form  and  position  of  the  annul  us  varies  iu 
the  different  groups:  in  the  Polypodiacesd  (Fig.  260),  where  the 
sporangium  is  attached  to  the  stalk  by  the  margin,  the  incomplet'C 
annulns  is  a  projecting  row  of  cells  with  their  longer  axes  trans- 
verse, extending  round  the  margin  in  the  plane  of  the  stalk,  with 
which  it  is  connected  on  one  side,  but  not  quite  reaching  it  on  the 
other ;  in  the  Cyatheacesd,  in  which  the  form  and  attachment  of  the 
sporangium  is  similar,  the  annulus  is  slightly  inclined  to  the  plane 
of  the  stalk,  and  it  is  quite  complete;  in  the  Hymenophyllaceso 
and  Gleicheniacese,  where  the  discoid  sporangriom  ik  attached  by 
its  under  surface,  the  annulus  forms  a  complete  ridge  round  the 
margin,  moare  or  less  nearly  at  right  angles  to  the  plane  of  attach- 
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ment ;  in  the  Schizs&aceiB  the  annnlns  is  a  dome-shaped  group  of 
cells  at  the  apex  of  the  ovoid  spoi^anginin. 

As  the  development  proceeds,  the  formation  of  the  spores  takes 
place  in  the  interior  of  the  sporangium.  The  archesporial  cell 
undergoes  repeated  division,  with  the  result  that  nsually  sixteen 
cells  are  formed,  which  are  the  mother-cells  of  the  spores.  At 
this  stage  the  tapetal  cells  undergo  disinteg^tion,  so  that  the 
mass  of  spore- mother-eel  Is  floate  freely  in  the  liquid  thus  pro- 
duced. Each  mother-cell  then  undergoes  division  to  form  four 
spores ;  the  planes  of  division  may  be  either  such  that  the 
developing  spores  all  lie  in  one  plane,  when  the  mature  spores  are 
bilateral  (e.g,  many  Polypodiaceae,  as  Aspidium,  Aspleniura,  Ne- 
phrolepis,  Blechnum,  Polypodinm,  ete. ;  Gleicheniaceae ;  Schizasa); 

or  such  that  the  spores  are  ar- 
ranged in  a  pyramidal  manner, 
when  the  mature  spores  are  tetra- 
hedral  (Hymenophyllacead ;  Cya- 
theaceee;  most  Schizeeacese ;  some 
PolypodiaceiB,  as  generally  in  the 
PteridesB ;  Osmundacese  :  see  p^ 
126). 

The    sporangium   of    the    Os- 

mundaceffi  differs  in  various  i^- 

Fi».  281.— OfmiMida  regaiiB.  A  Fertne      ppects   from    that    of    the  Other 

pinna  with  naked  marginal  «>ri(.).  So«ne       Leptesporaugiate  Fems  ;   ite  ori- 

mesophyll  ii^  however,  developed  at  the  .  . 

bu>e  (net.  size).  B  A  ringie  sporangium      gin  from  a  single  superficial  cell 
(x2oo):  1  the  short  Btaik;  rtheannoios;      cannot  be  SO  easily  traced,  as  the 

d  the  longitudinal  slit.  .  ,i    i  , 

mother-cell  does  not  project,  and 
the  succession  of  cell-divisions  is  not  regular;  the  archesporial  cell 
Is  frequently  not  tetrahodral  in  form,  and  the  resulting  spore- 
mother-cells  are  more  numerous  than  in  the  other  Fems  (as  many 
as  128)  ;  the  sporangium  is  somewhat  pear-shaped,  with  a  rudi- 
mentary annulns  consisting  of  groups  of  cells  situated  laterally 
towards  the  upper  surface  (Fig.  261). 

The  sporangium  may  be  sessile  (GleicheniacesB,  most  Schizosaceae, 
Hymenophyllaceas)  ;  or  shortly  stalked  (Lygodium,  Cyatheaceaa, 
Osmnndacesd)  ;  or  it  may  have  a  usually  rather  long  slender  stalk 
consisting  of  two  or  three  longitudinal  rows  of  cells  (Poly podiaceae) ; 
this  is  dependent  upon  whether  the  originally-formed  stalk-cell 
developes  further  or  not. 

The  spores  are  sot  froe  by  the  dehisconco  of  the  sporangium ; 
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this  takes  place  at  a  certain  part  'wbicli,  thongb  difPerent  in  the 
varions  forms  of  sporangia,  is  always  closely  connected  with  the, 
annnlns  and  is  termed  the  stomium  (see  Fig.  258) ;  dehiscence 
begins  by  a  split  between  (not  throngh)  the  cells  of  the  stomium. 
In  the  PolypodiaceeB  the  plane  of  dehiscence  is  at  right  angles  to 
the  long  axis  of  the  sporangium,  and  the  stomium  is  situated  on 
the  margin  between  the  end  of  the  annnlus  and  the  Stalk ;  in  the 
Cyatheaceee,  where  the  stomium  is  included  in  the  annulus,  the 
plane  of  dehiscence  is  as  in  the  Polypodiaceao ;  in  the  Hymeno- 
phyllacesB  and  GleicheniacesB  the  stomium  is  included  in  the  annu- 
lus, and  the  plane  of  dehiscence  is  vertical;  in  the  SchizBBaceee  the 
►tomium  is  on  the  more  concave  surface,  and  the  dehiscence  is 
lateral  longitudinal;  in  the  Osmundaceas  the  stomium  extends 
from  above  the  annulus,  over  the  summit  of  the  sporangium,  and 
it  is  in  this  vertical  plane  that  dehiscence  takes  place. 

A  striking  feature  in  the  general  morphology  of  these  plants  is 
the  presence  on  the  stem  and  the  bases  of  the  leaf-stalks,  espe- 
cially when  young,  of  numerous  scaly  hairs  (ramenta  or  palece), 
which  consist  usually  of  a  single  layer  of  cells,  with  more  or  less 
thickened  brown  walls ;  they  are  of  various  shape,  and  frequently 
have  marginal  glandular  hairs  secreting  tannin  or  mucilage,  the 
latter  generally  in  the  neighbourhood  of  a  growing-point  of  stem 
or  leaf.  Less  commonly,  glandular  hairs  are  developed  on  the 
leaves,  as  in  species  of  Gymnogramme  (Gold  and  Silver  Ferns),  in 
which  the  under  surface  of  the  leaves  is  covered  with  a  yellowish 
dust,  consisting  of  minute  needles  of  resinous  and  waxy  substances, 
secreted  by  the  hairs.  Boot- hairs  occur  on  subterranean  stems 
and  leaf -stalks. 

A  primary  root  is  developed,  probably  in  all  forms,  but  in  no 
case  does  it  persist  in  the  adult.  In  the  full-grown  plant  all  the 
roots  are  adventitious ;  they  spring  in  great  numbers  from  the 
stem  or  the  leaf- stalks.  The  roots  are  small  and  branched; 
the  branching  is  lateral,  and  the  growing-points  of  the  young 
roots  are  developed  each  from  a  single  cell  of  the  bundle-sheath 
(endodermis),  termed  a  rhizogenic  cell,  situated  opposite  to  a 
xylem-bundle  of  the  central  cylinder.  In  most  cases  the  growing- 
point  of  the  root  has  a  single  pyramidal  apical  cell  (see  Fig.  115) 
with  three  flat  sides  and  a  spherical  base  directed  outwards.  But 
in  the  Osmundacead  the  structure  of  the  growing-point  is  not 
constant;  there  may  be  a  single  apical  cell  of  varying  form,  or  a 
g^up  of  initial  cells. 
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Adventitious  bitd^,  subserving  vegetative  propajBfation,  are  com- 
monlj  prodnced  ;  they  arise  most  frequently  on  the  subterranean 
portions  of  leaf -stalks  (as  in  Pterii  aquilina,  Aspidium,  FUix-mas)^ 
and  sometimes,  as  in  Onoclea  Struthiopterxs,  the  bud  grows  into 
a  subterranean  stolon  which  eyentually  throws  up  at  its  apex  a 
whorl  of  g^reen  leaves,  thus  constituting  a  new  plant;  but  also 
frequently  from  the  lamina,  as  in  Asplenium  (Dipldzium)  celtidi* 
folium.  A,  huIhiferuMf  and  other  species.  The  bud  originates  from 
a  single  epidermal  celL 

Chneral  Histology. — The  structure  of  stem,  petiole,  and  root,  is 
characterised  throughout  by  the  presence  of  hypodermal  layers, 
and,  generally,  of  scattered  strands  of  sclerenchymatous  tissue, 
consisting  of  more  or  less  elongated  ground-tissue  cells  with  more 
or  less  thickened  brown- coloured  walls ;  and  by  the  predominance 
of  scalariform  vascular  tissue  in  the  xylem  which  consists,  with 
but  few  exceptions,  of  tracheides. 

The  stem  is,  at  its  first  development,  monostelic,  with  a  single 
axile  stele:  in  some  forms  this  structure  obtains  (with  or  with- 
out pith)  throughoat  the  whole  stem  {e.g,  Hymenophyllaceae, 
Lygodium,  Schizjua,  stolons  of  Nephrolepis)  :  in  the  Osmundaceeo 
the  stem  is  monostelic  throughout,  the  stele  eventually  consisting 
of  a  ring  of  bundles  enclosing  a  pith :  in  the  other  families  the 
stem  becomes  polystelio. 

In  the.  monostelic  stem  the  bundles  are  sometimes  conjoint  and 
collateral  (e.g,  Trichomanes  among  Hymenophyllacefle,  Osmun- 
daceao)  :  in  all  other  cases  the  arrangement  of  the  bundles  in  the 
stele  is  concentric,  or,  more  strictly  speaking,  bicol lateral,  since 
the  phloem  does  not  quite  completely  surround  the  xyl em-bundles. 
The  concentric  steles  are  cauline  and  diarchy  with  usually  an 
endodermis  and  a  pericycle :  in  some  cases,  however,  whei'e  the 
stele  is  small  (e.g.  some  species  of  Polypodium)  there  is  no  peri- 
cycle, its  place  being  taken  by  a  layer  of  cells  formed  by  the 
division  of  the  primitive  endodermis  (p.  165)  into  two  layers^ 

In  the  polystelic  stem  the  course  of  the  steles  is  such  that  they 
form  a  mesh  work,  each  mesh  corresponding  to  the  insertion  of  a 
leaf :  the  bundles  of  the  leaf  join  those  forming  the  corresponding 
mesh  in  the  stem.  The  form  of  the  mesh  is  determined  by  the 
number  and  insertion  of  the  leaves:  when  the  leaves  are  numerous 
and  closely  arranged,  the  meshes  are  relatively  short  and  broad ; 
when  the  leaves  are  few  and  scattered,  the  meshes  are  long  and 
narrow.     In   dorsi  ventral    stems,   a  regular    mesh  work   is    only 
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present  towai*ds  the  surface  where   the   leaves   are   borne ;    i.e. 
towards  the  dorsal  sarface  (see  p.  388). 

In  a  monostelio  stem,  such  as  that  of  Osmunda,  though  the 


Fie.  202.  — Bmbrjrogeny  of  the  Rporophyto  of  Ptsrit  MmiUta  ( x  2S6 :  after  Kienitz-Oerloff). 
A  In  longitadinal  section :  B  transverse  section,  at  right  angles  to  the  precedinsr :  C  older 
embryo  in  longitadinal  section.  The  vertical  arrows  indicate  the  long  axi«  of  ihe  arche- 
goainm,  pointing  to  the  neck ;  the  horizontal  arrows  indicate  the  longitudinal  axis  of 
the  prothalliam,  pointing  to  its  organic  apex.  I-l  Basal  wall;  IJ-If  transverse  wall ; 
Ill-UI  median  wall :  r  apical  cell  of  root ;  I  apical  cell  of  cotyledon ;  t  apical  cell  of  stem ; 
/foot. 

bundles  are  numerous,  no  such  mesh  work  is  formed.     The  bundles 
are  here  common.     A  single  bundle  enters  the  stem  from  each 
leaf,  runs  straight  through  several  in- 
temodes,  and  then  curves  to  join  with 
the  bxmdle  of  an  older  leaf,  seven  leaves 
intervening  between  the  two. 

Embryogeny  of  the  Sporophyte.  The 
sporopbyte  is  developed  from  the  fertil- 
ised female  cell,  the  oospore :  the  de- 
velopment has  only  been  studied  in 
species  of  PolypodiaceaD,  and  has  been 
found  to  be  as  follows.  The  oospore  is 
first  of  all  divided  into  two  cells  by  the 
formation  of  a  wall,  the  basal  wally  which 
nearly  coincides  with  the  long  axis  of 
the  archegonium  :  a  second  wall  is  then 
formed,  the  transverse  wall,  at  right 
angles  to  the  preceding,  with  the  result 
that  the  spherical  embryo  now  consists 
of  four  cells  or  quadrants  :  then  a  third 
wall,  the  median  wall,  is  formed  in  a  plane 


Fig.  263.— /Idiantum  Capillut- 
Vtneria.  The  prothallium  (pp) 
seen  from  below  with  young 
Fern  attached  to  it  by  its  foot ;  h 
its  first  leaf  or  cotyledon;  vs'  its 
primary,  vo"  secondary,  roots; 
H  root-hairs  of  the  prothallium 
(x  about  3).    (After  Sachs). 
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at  right  angles  to  both  the  preceding  walls,  the  embrjo  now  consist- 
ing of  eight  equal  cells  or  octants.  Of  these  octants,  four  belongs 
to  one  half  of  the  embrjo,  which  is  termed  the  epibaaal  half  ;  and 
four  to  the  other  half,  the  hypohasal  half :  from  these  octants  the 
primary  organs  of  the  sporophyte  are  developed.  Beginning  with 
the  four  epibasal  octants,  the  two  apical  octants  (t.e.  nearest  to  the 
neck  of  the  archegonium)  give  rise  to  the  growing-point  of  the  first 
leaf  or  cotyledon:  of  the  two  deeper  (towards  the  venter  of  arche- 
gonium) octants,  the  one  constitutes  the  growing-point  of  the 
stem,  whilst  the  other  gives  rise  to  nothing  beyond  possibly  some 

hairs.  Of 
the  four  hy- 
pobasal  oc- 
tants, one  of 
the  two  api- 
cal octants 
gives  rise  to 
the  growing- 
point  of  the 
primary  root, 
which  is'  dia- 
metrically 
opposite  to 
the  growing 
point  of  the 
stem  ;  whilst 
the  other 
gives  rise  to 
no  special 
member :  the 
two  deeper 
hypobasal 

octants  give  rise  to  the  embryonic  absorptive  organ,  the  foot. 
The  gradual  development  of  these  members  is  dependent  upon 
growth  and  corresponding  cell- division,  and  at  an  early  stage 
histological  differentiation  into  cortical  and  stelar  tissues  is 
apparent  in  them.  For  a  time  the  tissue  of  the  venter  of  the 
archegonium  keeps  pace  by  growth  with  the  increasing  size  of  the 
embryo :  but  eventually  the  primary  root  and  the  cotyledon  become 
free,  and  ultimately  also  the  stem  (Fig.  264).  In  the  meantime  the 
embryo  is  nourished  by  means  of  the  foot  which  has  become  a  mass 


Fio.  204.— Section  of  yoong  plant  of  Pt^ria  aqmUna  ttill  attached 
lo  the  pn«thalUam  by  its  Toot:  p  prothallium ;  / fooi;  r  primary  root ; 
•  growing*point  of  primary  stem;  I  primary  leaf  or  cotyledon.  (Mag- 
nified: after  HofmeiAter.) 
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of  tissue  filling  the  venter  of  the  arohegoniam :  it  absorbs  from  the 
adjacent  cells  the  organic  snbstances  formed  in  the  prothallinm  bj 
means  of  the  chloroplastids  which  most  of  the  cells  contain.  The 
primary  root  and  the  cotyledon  are  both  small  and  short-lived : 
the  former  is  sacceeded  by  the  nnmeroos  adventitious  roots,  the 
latter  by  the  true  foliage-leaves.  The  foot  is  a  merely  embryonic 
organ :  it  disappears  when  the  young  sporophy  te  has  become  firmly 
attached  to  the  substratum,  and  is  capable  of  independently 
absorbing  and  assimilating  food. 

Gametophtte.  The  gametophyte  is  a  prothallinm,  always  con- 
taining chloroplastids,  generally  a  doraiventral,  flattened,  cellular 
expansion,  or  sometimes  filamentous,  which  is  developed  from  a 
spore,  but  which  becomes  completely  free  from  the  spore  ;  there 
is  frequently  a  more  or  less  marked  differentiation  of  a  sexual 
receptacle,  which  may  attain  the  dignity  of  a  gametophore,  but  is, 
however,  exclusively  female.  In  the  dorsi ventral  prothallinm  the 
reproductive  organs,  as  also  the  root-hairs,  are  confined  to  the  in- 
ferior (ventral)  surface. 

The  prothallinm  is  typically  monoecious  :  the  male  organs,  or 
antheridia,  are  developed  first,  and  are  consequently  situated 
towards  the  posterior  or  basal  end  of  the  prothallium ;  the  later- 
formed  archegonia  lie  towards  the  anterior  or  apical  end.  It 
sometimes  happens^  however,  that,  owing  to  imperfect  nutrition, 
the  growth  of  the  prothallium  does  not  proceed  beyond  the  stage 
necessary  for  the  formation  of  the  antheridia,  so  that  exclusively 
male  prothallia  may  be  sometimes  found;  less  commonly,  well- 
nourished  prothallia  fail  to  produce  antheridia,  and  consequently 
exclusively  female  prothallia  are  found.  The  practical  result  of 
this  successive  formation  of  the  antheridia  and  archegonia  is  that 
but  few  of  them  can  possibly  mature  at  the  same  time  on  one  and 
the  same  prothallium ;  the  prothallium  is  in  effect  dichogamous, 
and,  consequently,  cross-fertilisation  is  almost  certainly  ensured. 

The  development  of  the  prothallium  commences  with  the  rupture 
of  the  outer  coat  (exospore)  of  the  germinating  spore,  which  takes 
place  either  along  three  lines  meeting  at  an  angle,  when  the  spore 
is  tetrahedral,  or  by  a  longitudinal  slit  when  the  spore  is  bilateral, 
the  contents  coverad  by  the  inner  coat  (endospore)  being  exposed. 
Most  commonly  this  cell  grows  out  into  a  filament,  cell-divisions 
taking  place  in  the  transverse  plane  only,  so  that  the  prothallinm 
oonsists  of  a  longitudinal  row  of  cells.  At  length  a  longitudinal 
wall  is  formed  in  the  terminal  cell  of  the  filament ;  cell-division 
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then  proceeds  in  two  planes,  giving  rise  to  a  flattened  plate  of  cells^ 
farther  growth  being  effected  by  means  of  a  two-sided  apical  cell. 
After  a  time  the  activity  of  the  apical  cell  ceases,  a  periclinal  wall 
being  formed  in  it;  whatever  farther 
growth  takes  place  is  effected  bj 


Fig.  266.— Diagram  of  the  prctb&l- 
liam  of  a  Leptosporangiate  Fern :  ander 
side  ( X  10).  ar  Archegonia ;  an  aiithe^ 
ridia;  )i  root*hair8. 


Fio.  2A6.  —  Antheridiam  of  Adiantum 
Capillm-VmerU  (x  650).  p  Protballium; 
a  anttaeHdiam ;  a  sperinatozoid ;  b  the 
▼eaicle  cuntaining  starch-graiiu. 


the  marginal  cells.  At  this  stage  the  pi*othalliam  becomes  some- 
what heart-shaped,  the  anterior  depression  indicating  the  position 
of  tho  organic  apex.  The  colls  lying  anteriorly  in  the  middle  line 
now  begin  to  divide  in  a  plane  parallel  to  the  snrface,  with  the 
result  that  the  protballium  becomes  thickened  in  this  region,  and 

eventually  a 
"cushion" 
of  tissue, 
several  lay- 
ers of  cells 
in  thickness, 
is  produced, 
which  pro- 
jects on  the 
lower  (ven- 
tral) sur- 
face,    and 

Fi«.  267.— Polypodium  vulgara,    il  Yoang  arohegoulum,  not  yet  bears     the 

open :  K'  neck-canal<cell ;  K"  ventral  canal-cell :  o  young  oosphere. 
B  Mature  archegonium  open.   ( x  210 :  after  Straeburger.)  archegonia. 
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The  foregoinjf  acconnt  refers  especially  to  the  Polypodiacese  and 
to  the  CjatheaceeB :  it  also  applies  generally  to  the  Schizadaceee, 
though  here  the  activity  of  the  apical  cell  is  of  shorter  duration. 
In  the  G-leicheniacesB  occasionally,  in  the  Osmundaceas  always,  there 
is  no  filamentous  sfcage  in  the  development  of  the  prothallium,  but 
it  at  once  developes  into  a  plate  or  mass  of  cells.  Moreover,  in 
the  Osmundace89  there  is  an  indication  of  a  differentiation  of  the 
prothallium  into  shoot  and  root,  since  the  first  septum  formed  in 
the  germinating  spore  is  transverse,  dividing  a  posterior  cell,  which 
contains  relatively  few  chloroplastids  and  sometimes  none,  from 
an  anterior  cell  in  which  they  are  numerous :  the  posterior  cell 
grows  into  a  simple  hair  which  may  be  regarded  as  representing  a 
root  (see  p.  61),  whilst  the  anterior  cell  divides  to  form  the  shoot 
of  the  prothallium.  In  the  Hymenophyllaceas  the  prothallium  is 
comparatively  rudimentary  and  presents  remarkable  peculiarities. 
In  Hymenophyllum,  the  filamentous  stage  is  either  wanting  or  is 
of  very  short  duration :  the  prothallium  is  irregular  in  form  and 
is  dichotomously  branched,  a  rare  occurrence  sometimes  also  pre- 
sented by  old  prothallia  of  Osmunda:  it  bears  groups  of  archegonia 
on  its  under  surface  but  close  to  the  margin,  and  it  may  consist 
throughout  of  a  single  layer  of  cells,  or  of  two  or  three  layers 
where  the  archegonia  are  borne.  These  peculiarities  find  their 
parallel  in  certain  aberrant  forms  among  the  Polypodiacece 
(Vittaria,  Monogramme).  In  Trichomanes,  the  prothallium  is 
characteristically  filamentous,  consisting  of  a  single  much-branched 
row  of  cells,  and  somewhat  resembles  the  protonema  of  Mosses. 
In  some  species  {Trichomanes  incisum  and  sinuosum),  some  of  the 
lateral  branches  develope  into  flattened  cell-plates,  on  the  margin 
of  which  archegonia  are  borne:  in  others  {e.g.  T.  pyxidlferum) 
there  are  no  such  flattened  expansions,  but  the  cells  of  some  of  the 
branches  divide  so  as  to  form  a  small  solid  cell-mass  which  bears 
archegonia. 

The  gametophore.  In  none  of  these  Ferns  is  there  any  special 
organ  developed  to  bear  the  antheridia,  so  that  the  gametophore 
is  always  an  archegoniophore. 

There  are  to  be  observed  in  the  Ferns  (as  is  also  the  case  in  the 
Hepaticae;  all  stages  between  a  mere  receptacle  and  a  fully  developed 
archegoniophore.  The  simplest  case  is,  perhaps,  that  of  Hymeno- 
phyllum, where  each  marginal  group  of  archegonia  may  be 
regarded  as  a  receptacle,  though  the  cushion  is  but  slightly 
developed;    in   the   majority    (most   Polypodiaceae,    Cyatheacew, 
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Gleicheniacead  generally)  there  is  a  well-deyeloped  cnsHion, 
situated  anteriorly  in  the  middle  line,  whilst  in  the  Schizadaceas 
it  is  on  one  side ;  in  the  Osmandaceas  the  receptacle  is  in  the  form 
of  a  midrib,  projecting  on  the  under  surface,  bearing  a  longitudinal 
series  of  archegonia  on  each  flank.  In  other  cases  there  is  a 
definite  archegoniophore,  that  is,  the  receptacle  is  borne  on  a  stalk 
which  is  a  ventral  branch  of  the  prothallium.  Thus,  in  Gymno- 
gramme  leptophylla  (Polypodiaceae),  the  cushion  on  the  ventral 
surface  of  the  prothallium  elongates  into  the  soil  and  there  be- 
comes tuberous,  and  it  is  on  the  upper  surface  of  this  tuberous 
archegoniophore  that  the  archegonia  are  produced.  Again,  in 
Aneimia  (SchizaeaceeB),  if  the  first-formed  archegonia  fail  to  be 
fertilised,  the  cushion  has  been  observed  to  grow  out  into  an 
archegoniophore.  Finally,  the  flatt'Cned  or  massive  cellular 
appendages  of  the  filamentous  prothallium  of  Trichomanes  inoisum 
and  sinuosum  may  be  also  regarded  as  archegoniophores. 

The  antheridia  are  generally  borne  on  the  posterior  portion  of 
the  prothallium,  scattered  without  any  definite  order.  It  occa- 
sionally happens  that  they  occur  in  the  female  receptacle,  or  even 
on  an  archegoniophore;  thus,  in  some Hymenophyllums,  antheridia 
have  been  found  in  the  groups  of  archegonia,  and  they  are  frequently 
developed  on  the  cushion  in  Polypodiaceas  and  Schizasaceae ;  they 
are  also  developed  on  the  flat  archegoniophores  of  Trichomanes 
sinuosumj  and  on  the  archegoniophore  of  Aneimia. 

The  sexual  organs.  The  antheridium  is  developed  from  a 
single  superficial  cell.  The  free  surface  of  this  cell  grows  out  into 
a  blunt  protuberance,  which  is  cut  ofE  by  a  transverse  wall.  The 
projecting  cell  thus  formed  generally  undergoes  division  by  the 
formation  of  a  transverse  wall  near  its  base,  so  that  it  comes  to 
consist  of  two  cells,  the  lower  of  which  is  the  stalk-cell,  the  upper, 
the  antheridial  cell.  The  latter  grows,  becoming  more  or  less 
spherical,  and  undergoes  repeated  cell-divisions  which  result  in 
the  formation  of  a  wall,  consisting  of  a  single  layer  of  cellp, 
surrounding  a  large  central  cell  from  which,  by  further  division, 
the  mother-cells  of  the  spermatozoids  are  formed.  When  mature, 
absorption  of  water  causes  the  rupture  of  the  antheridium ;  the 
mother-cells  of  the  spermatozoids  are  now  set  free,  and  the 
spermatozoids  soon  escape  from  the  mother-cells  as  coiled  ciliated 
filaments,  each  having  usually  attached  to  it  posteriorly  a  vesicle 
of  granular  protoplasm,  the  remains  of  tho  contents  of  the  mother- 
cell  (see  Fig.  266) 
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The  arcliegonium.  The  g>eaeral  description  given  above  (p.  377) 
of  the  development  and  structure  of  the  archegonium,  and  of  the 
process  of  fertilisation,  will  suffice  for  this  group  of  the  Pterido- 
phyta.  It  should,  however,  be  mentioned  thq,t  only  a  single  neck- 
canal-cell  is  developed. 

.  The  root-hairs  retain  in  all  cases  their  typical  unicellular 
structure.  They  arise  as  tubular  outgrowths  from  single  cells, 
having,  at  first,  colourless  walls,  which  eventually  become 
thickened,  and  assume  a  brown  colour ;  the  cavity  of  the  hair  is 
cut  off  by  a  septum  from  that  of  the  cell  from  which  it  springs ; 
their  form  is  most  commonly  elongated  and  cylindrical,  but  some- 
times (^e.g.  Hymenophyllaceae)  they  are  short  and  slightly  branched. 
The  development  of  tlie  root-hairs  begins  at  the  earliest  stage  in 
the  formation  of  the  pix}thallium.  Generally  speaking,  the  root- 
bairs  are  developed  laterally,  and  as  the  pro  thallium  assumes  the 
flattened  expanded  form,  the  development  extends  inwards  from 
the  margin,  over  the  inferior  surface,  and  forwards  as  far  as  the 
postenor  part  of  the  cushion  ;  but  in  Osmunda,  they  are  chiefly 
developed  along  the  middle  line  of  the  midrib,  between  the  two 
lateral  rows  of  archegonia,  and  in  Hymenophyllum  they  are 
developed  in  isolated  groups  near  the  edge. 

The  life  of  the  gametophyte  is,  as  a  rule,  short,  being  limited 
by  the  fertilisation  of  an  archegonium.  If,  however,  fertilisation 
does  not  take  place,  the  prothallium  continues  to  grow  for  several 
months,  or  even  years  in  the  case  of  Osmunda. 

The  gametophyte,  in  many  instances,  produces  its  like ;  either 
by  means  of  adventitious  branches,  which  become  isolated  and 
then  develope  into  prothallia ;  or,  by  means  of  gemmae,  which  are 
thrown  off  and  form  prothallia.  Propagation  by  means  of 
adventitious  branches  has  been  occasionally  observed  in  various 
Polypodiaceee  and  CyatheacesB,  more  especially  in  prothallia 
which  have  remained  exclusively  male;  in  GleicheniacesB, 
Osmundaceoa,  and  Schizeeaceoe  (Aneimia,  Mohria),  the  formation 
of  these  branches  is  the  rule ;  it  is  common  in  Hymenophyllum. 
In  Aneimia  and  Mohria  alone,  the  adventitious  branches  spring 
from  the  the  cushion ;  in  the  other  cases  the  branches  are 
generally  developed  each  from  a  single  marginal  cell  of  the  pro- 
thallium.  It  has  been  ascertained  in  certain  cases  (e.g,  Cyathea, 
some  Poly  pod  iacesB,  Aneimia)  that  the  prothallia  developed  by 
means  of  these  adventitious  branches  are  exclusively  male.  The 
development  of  these  branches  may,  it  appears,  be  induced  by 
injury  to  the  prothallium. 
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Propagation  by  means  of  gem m 89  is  common  in  the  Hymeno- 
phyllaceee,  but  it  has  also  been  observed  in  certain  Polypodiaceco 
(Vittaria,  Monogramme).  In  Hymenophyllum,  the  gemmae  are 
small  flat  plates  of  cells ;  in  species  of  Trichomanes,  Vittaria,  and 
Monogramme,  they  are  short  spindle-shaped  filaments,  consisting 
of  a  single  row  of  (6-9)  cells,  borne  on  a  unicellnlar  stalk  or 
sterigma ;  in  Trichomanes,  the  gemma  is  attached  at  its  centre  to 
the  stalk,  so  that  its  long  axis  is  at  right  angles  to  the  stalk;  in 
Vittaria  and  Monogramme,  the  gemma  is  attached  to  the  stalk 
by  one  end.  The  sterigmata  are  developed  either  singly  or  several 
together,  from  a  single  cell  of  the  pi'othallinm ;  and  the  gemmas 
may  be  borne  singly  or  several  together  on  one  sterigma. 

It  will  have  been  observed  that  the  ganietophyte  of  the  homo- 
sporons  leptosporangiate  Ferns  presents,  in  its  development,  its 
root-hairs,  its  propagation  by  adventitious  shoots  and  gemmae,  re- 
markable and  suggestive  resemblances  to  the  gametophyte  of  the 
HepaticflB.  In  the  general  morphology,  too,  of  the  gametophyte, 
there  are  striking  correspondences  between  the  two  groups  :  thus, 
in  both  groups  (with  certain  exceptions  in  both)  the  first  stage  in 
the  life  of  the  gametophyte  is  a  filamentous  protonema,  which  is, 
however,  relatively  small  and  short-lived,  except  in  the  Fern  Tri- 
chomanes where  the  gametophyte  does  not  develope  beyond  the 
protonematous  stage.  The  protonema  in  both  groups  gives  rise  to 
a  single  flattened,  expanded  shoot,  the  adult  sexual  shoot  of  the 
Hepaticce,  the  prothallium  of  the  Ferns ;  this  bears  the  sexual 
organs  either  directly  on  a  receptacle,  or  indirectly  on  a  special 
branch  (gametophore).  The  Fern  Trichomanes  presents,  on  the 
whole,  more  similanty  to  the  Mosses  than  to  the  Liverworts  in 
its  more  highly  developed  protonematous  stage  bearing  numerous 
gametophores,  which  may  bo  compared  to  the  numerous  adult 
sexual  shoots  developed  on  the  Moss-protonema,  though  in  Tricho- 
manes there  is  no  snch  development  of  vegetative  organs  as  there 
is  in  the  Moss-shoots. 

Order  1.  Hymenophyllaceae  ;  this  order  contains  the  simplest  forms.  The 
leaf-blade  almost  always  consists  of  a  single  layer  of  cells  ;  the  sorus  is  always 
marginal  (Fig.  257  A)  and  indusiate,  the  sporangium  sessile  or  shortly-stalked, 
and  the  annulus  entire  and  horizontal. 

Almost  all  the  species  are  tropical.  Trichomanet  radicans  and  Hymenophylhim 
Tunbridgeme  and  unilaterale  (or  WilsotU)  alone  occur  in  Britain.  Some  species 
of  Trichomanes  have  no  true  roots. 

Order  2.  Polypodiaceae.  The  annulus  of  the  stalked  sporangium  is  incom- 
plete and  vertical  (Fig.  258  r),  that  is  to  say,  it  is  not  continuous  at  the  base : 
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indasium  present  or  absent.  Almost  all  oar  native  Ferns  belong  to  this  order, 
which  is  exceptionally  rich  in  genera. 

The  following  families  may  be  distinguished,  characterised  by  the  position  of 
the  sorus. 

(a)  DavaUiea,  Sorus  marginal,  or  nearly  so ;  inferior  indusinm  cnp-shaped 
in  Endavallia,  or  one-valved  as  in  Leucostegia,  etc.  (Fig.  257  B).  Includes  the 
large  genus  Davallia :  no  European  species. 

(6)  Pteridea,  Sori  coalescent  along  the  margin  of  the  leaf  (Fig.  257  C),  with 
a  spurious  indusium.  Pteris  (PUridium)  aquilina,  the  Bracken,  has  a  stem 
which  grows  at  some  depth  below  the  surface  of  the  soil,  and  throws  up  every  year 
a  single  large,  much-sf  graented  leaf  (frond) :  it  has  also  a  true  lateral  indusium. 
Adiantum,  the  Maiden-hair  Fern,  belongs  to  this  group,  as  also  Gheilanthes. 

(c)  Aspleniea,  The  sorus,  which  is  situated  on  the  under  surface  of  the  leaf, 
is  elongated  or  linear,  and  the  lateral  indusiam  springs  from  the  vein  to  which  it 
is  attached  (Fig.  257  E),  Asplenium  Rata  muraria,  the  Wall-Bue,  is  not  uncom- 
mon on  walls  and  rocks ;  A,  Trichomanet  is  also  abundant,  with  simple  pinnate 
leaves  and  a  shining  black  rhachis.  Athyrium  Filix  fctminti^  the  Lady  Fern,  is 
common  in  damp  woods.  Scolopendrhim  vulgare,  the  Hart's  tongue,  with  entire 
leaves,  is  common  in  damp  hedgerows  and  woods.  Blechnum  (Lomaria),  the 
Hard  Fern,  as  also  Ceterach,  may  be  included  here,  though  the  indusium  may 
be  rudimentary  or  absent. 

(d)  Aipidiea.  Sorus  on  the  lower  surface  of  the  leaf,  orbicular  in  form  and 
covered  by  a  peltate  or  reniform  superior  (Fig.  257  D)  or  inferior  indusium. 
Nepkrodium  {La$traa)  Filix  mas^  the  male  Fern,  and  other  species  resembling 
it,  with  a  thick  tufted  crown  of  leaves,  are  not  rare  in  woods.  Aspidium  is  the 
Shield-Fern:  A.{Polystichnm)  Lonc/iifMistheHolly-Fern:  Woodsia, Onoclea, and 
Cystopteris  (Bladder-Fern),  with  an  inferior  indusium,  also  belong  to  this  group. 

(«)  Polypodua,  The  sorus«  which  is  on  the  under  surUce  of  the  leaf,  is 
naked  (Fig.  257  F).  In  the  section  Polypodium  the  leaves  are  articulated  to  the 
stem,  so  that  when  they  die  and  fall  off  they  leave  a  roundish  scar :  the  leaves 
are  usually  borne  in  two  rows  on  the  dorsal  surface  of  the  rhizome.  Polypodium 
vulgare^  with  simple  pinnate  leaves,  is  common  on  tree-trunks,  rocks,  etc.  In 
the  section  Phegopteris  the  leaves  are  not  articulated  to  the  stem,  so  that  when 
they  die,  fragments  of  the  leaf-stalks  remain  attached  to  it :  Cryptogramme  crispa 
is  the  Parsley-Fern :  Phegopteris  DryopterU  and  polypodioides  are  tho  Oak-  and 
Beech-Ferns. 

(/)  Aerostichea,  The  whole  underside  of  the  leaf  is  covered  with  naked 
eporangia.  To  this  family  belong  a  number  of  tropical  Ferns  of  the  two 
genera  Platycerium  and  Acrostichum  with  its  numerous  sub-genera,  Polybotrya, 
Olfersia,  Elaphoglossum,  etc. 

Order  8.  Cyatheacea.  Distinguished  from  the  Polypodiace©  only  by  the 
presence  of  a  complete  annulus. 

The  Tree-Ferns  belong  to  this  family.  Cibotium  and  Dicksoniahave  marginal 
sori  with  two-valved  inferior  indusia :  Cyathea,  Hemitelia,  and  Alsophila  have 
their  sori  on  the  under  surface  of  the  leaf  :  Alsophila  alone  has  no  indusium  ; 
in  Cyathea  it  is  cup-shaped,  and  in  Hemitelia  one-valved. 

Order  4.  Gleicheniaceae,  including  the  genus  Qleiohenia,  with  a  horizontal 
annulus ;  no  indasium :  all  tropical. 
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Order  5.  Schizdeaceae,  including  the  genera  Schizna,  Aneiroia,  Mobria  and 
Lygodium,  with  a  projecting  apical  annulus  to  the  almost  sessile  sporangium, 
occur  only  in  the  tropics.  Ljgodium  is  the  most  remarkable  genus  ;  its  pinnate 
leaves  grow  to  a  great  length,  and  twine  round  supports  by  means  of  their 
midribs  :  it  alone  hns  an  indusium,  and  the  sorus  is  usually  nnisporangiate. 

Order  6.  Osmundaceae.  The  shortly-s talked  sporangia  have  a  rudimentary 
annulus  consisting  of  a  group  of  cells  (Pig.  261  B  r)  just  below  the  apex ;  they 
burst  open  by  a  longitudinal  slit  on  the  side  opposite  to  this. 

Osmunda  regalis,  the  Fern-Royal,  is  a  not  very  common  but  well-known  Fero. 
Only  the  upper  pinnae  of  the  leaves  are  fertile,  and  develope  little  or  no  meso- 
phyll ;  the  sori  are  marginal,  and  consist  of  a  great  number  of  sporangia ;  they 
have  no  indusium  (Fig.  261  A  «).  The  only  other  genus  is  Todea,  belonging 
mainly  to  Australasia. 


D.    HETEROSPOROUS    LEPTOSPORANGIATJil. 
(HjdropteridesB  or  Rhizocarpaa.) 

This  group  includes  the  four  genera,  Salvinia,  AzoUa,  Marsilea, 
Pilularia;  of  these  the  two  former  constitute  the  order  Sal viniacea?, 
the  two  latter  the  order  Marsileaceae.  They  are  all  more  or  less 
aquatic  in  habit,  Salvinia  and  Azolla  being  free-floating  fugacious 
plants,  whilst  Marsilea  and  Pilularia  are  perennials  growing  in 
bogs  and  marshes. 

Sporohhyte. — The  stem  is  a  horizontal  dorsi ventral  rhizome.  It 
generally  bears  foliage-leaves  in  alternating  longitudinal  rows 
(four  rows  in  Salvinia;  two  rows  in  the  other  geneiti)  on  the 
dorsal  (superior)  surface ;  and  roots  in  one  (Marsileaceee)  or  two 
(Azolla)  longitudinal  rows  on  the  ventral  (inferior)  surface.  In 
Salvinia,  however,  there  are  no  roots,  but  the  stem  bears  in  place 
of  them  two  rows  of  submerged  leaves  on  its  ventral  surface.  The 
lateral  branches,  sometimes  very  numerous,  are  borne  on  the 
flanks. 

In  the  Salviniaceas  the  apical  growing-point  of  the  stem  has  a 
two-sided  apical  cell,  situated  in  the  vertical  plane,  from  which 
lateral  segments  are  cat  off  alternately  right  and  left :  each 
segment  is  divided  by  a  horizontal  wall  into  a  dorsal  and  a  ventral 
half,  and  each  of  these  is  again  divided  by  a  transverse  wall  so  that 
each  segment  gives  rise  to  four  c6lls:  thus  the  growing- point 
consists  fundamentally  of  eight  longitudinal  rows  of  cells,  four 
belonging  to  the  dorsal,  and  four  to  the  ventral  region,  of  which 
the  two  uppermost  may  be  designated  the  dorsal  rows,  the  two 
next  the  dorso-latei*al  rows,  the  two  next  the  ventro-lateral  rows, 
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and  the  two  lowest  the  ventral  rows.  In  Salvinia  the  foliage-leaves 
are  alternately  developed  from  the  dorsal  and  the  dorso-lateral 
cells;  hence  they  lie  in  four  alternating  longitudinal  rows:  the 
submerged  leaves  are  developed  from  the  ventre- lateral  cells  in 
two  rows.  In  Azolla  the  leaves  are  developed  only  from  the  dorso- 
lateral cells,  and  the  roots  from  the  ventral  cells.  In  both  genera 
the  lateral  branches  are  developed  from  the  ventro-lateral  cells. 

In  the  MarsileaceaB  the  apical  cell  is  tetrahedral :  of  the  three 
sides  from  which  segments  are  cut  off,  two  are  dorso-lateral  and 
one  is  ventral :  the  leaves  are  developed  from  the  upper  portions, 
the  branches  from  the  lower  portions,  of  the  dorso-lateral 
segments  :  the  roots  are  developed  from  the  ventral  segments. 

The  foliage-leaf  presents  a  considerable  variety  of  form.  Tn 
Salvinia  it  is  broad  and  6at,  sessile  and  entire,  with  a  well-marked 
midrib :  in  Azolla  the  leaf  is  small  and  two-lobed,  the  lower  lobe 
being  submerged  whilst  the  upper  floats  on  tho  surface  of  the 
water:  in  Marsilea  the  leaf  has  a  long  erect  petiole  bearing  a 
paripinnate  bijugate  compound  lamina  of  four  leaflets:  in  Pilularia 
the  leaf  is  cylindrical  and  erect. 

The  growth  in  length  of  the  leaf  is  effected,  in  Salvinia,  Marsilea, 
and  Pilularia,  by  an  apical  growing-point  having  a  wedge-shaped 
apical  cell:  the  growth  in  breadth  of  the  lamina  is  effected, 
in  the  two  former,  by  marginal  growth.  In  Azolla  the  develop- 
ment of  the  leaf  is  effected  altogether  by  marginal  growth. 

Circinate  vernation  obtains  in  the  Marsileaceas,  but  not  in  the 
SalviniacesB :  in  Salvinia  the  vernation  is  conduplicate,  and  in 
Azolla  the  lamina  is  expanded  from  the  flrst. 

In  Salvinia  the  leaves  are  borne  in  a  whorl  of  three  at  a  node, 
two  being  a  pair  of  opposite  foliage-leaves,  and  the  third  a 
submerged  leaf :  in  the  other  genera  the  phyllotaxis  is  alternate. 

The  submerged  leaf  of  Salvinia  consists  of  a  number  of  long 
filamentous  branches,  springing  from  a  short  petiole,  and  densely 
covered  with  multicellular  hairs. 

The  sporangia  are  of  two  kinds,  microsporangia  and 
macrosporangia:  they  are  borne  in  sori  enclosed  in  structures 
termed  sporocarps.  The  morphology  of  the  sporocarp  is,  however, ' 
altogether  different  in  the  two  orders,  and  the  same  term  ought 
not  to  be  applied  to  both :  it  would  be  well  to  restrict  the  term 
"  sporocarp "  to  the  more  complex  fructifications  of  the 
Marsileacesd. 

In  the  SalviniaceoB  the  so-called  sporocarp  is  simply  a  sorus  of 
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sporangia,  either  microsporangia  or  macrosporaDgia,  but  not  both, 
surrounded  by  an  inferior  indusiam  (Fig.  268).  In  Salvinia  the 
sori  are  borne  at  the  apices  of  the  basal  branches  of  a  submerged 
leaf,  and  may  be  comparatively  numerous  (4-20)  on  one  leaf :  in 
Azolla  the  sori  are  borne  at  the  apices  of  the  segments  of  the  lower 
(ventral)  submerged  lobe  of  a  leaf,  and  that  leaf  is  always  the 
first   (basal)   leaf  of  a  fertile  branch  which   is   sometimes  less 

vigorously  developed  than  the 
purely  vegetative  branches ;  each 
leaf  usually  bears  only  two  sori, 
but  in  A.  nilotica  there  are  four. 
In  Salvinia  the  sori  are  all  of  the 
same  size,  whereas  in  Azolla  the 
sori  containing  microsporangia  are 
considerably  larger  than  those  con- 
taining macrosporangia.  In  both 
genera  the  tip  of  the  fertile  leaf- 
segment  expands  into  a  cellular 
cushion,  the  placenta,  from  the 
superficial  cells  of  which  the  spor- 
A  angia  are  developed:  the  indusium 

is  developed  as  an  annular  out- 
growth from  the  base  of  the  pla- 
centa, becoming  cup-shaped,  and 
eventually  closing  over  the  sorus: 
it  consists  of  two  layers  of  cells 
which,  in  Salvinia,  are  separated 
by  large  air-chambers  and  are  con- 
nected by  longitudinal  cellular 
trabeculeB.  In  both  genera  the 
microsporangia  of  a  soras  are  nu- 
merous (about  40  in  Azolla,  more 
in  Salvinia)  :  the  macrospoi*angial 
sorus  consists,  in  Salvinia,  of  many 
(ap  to  25)  macrosporangia,  whereas 
in  Azolla  there  is  but  one.  Both 
kinds  of  sporangia  are  borne  by 
the  same  plant. 

In  the  MarsileacesB  the  sporo- 
carp  consists  of  a  leaf -branch  enclosing  a  number  of  sori,  and 
each  sorus  includes  both  micro-  and  macrosporangia.     In  Marsilea 


Fie.  208.— il  Apical  portion  of  the 
8t«in  of  Salvinia  natant,  seen  obliqnelj 
from  below  (nat.  else) ;  1 1  aerial  leaves ; 
teto  aquatic  leaves,  with  sori,  ««;  fc  ter- 
minal bad  of  the  stem.  B  Longitudinal 
^section  through  three  fertUe  teeth  of 
an  aqaatio  leaf  (x  10),  forming  two 
sori  with  microsporangia,  (a)  one  with 
macrosporangia  i  i  indasium.  (After 
Sachs.) 
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the  fertile  leaf-branches  spring  from  the  ventral  surface  of  the 
petioles  of  the  foliage- leaves  (compare  OphioglossaceaB),  and  each 
bears  a  sporocarp  at  the  end  of  a  longer  or  shorter  stalk  :   the 
petiole  bears  a  single  fertile  leaf-branch  near  its   base  in  some 
species,  or  two  or  more  adnate  bi*anches  springing  from  the  same 
point;  or  it  bears  (e.g,  M.  polycarpa)  a  series  of  10-20  branches, 
one  above  the  other,  each  bearing  a  single  sporocarp.     In  Pilalaria 
the  fertile  leaf-branches  appear  to  be  also 
developed  from  the  ventral  surface  of  the 
foliage- leaves :  each  leaf  has  at  its  base  a 
single  almost  sessile  sporocarp. 

The  sporocarp  of  Marsilea  (Fig.  269)  is 
dorsiventral,  somewhat  pod-shaped,  with 
its  dorsal  margin  directed  upwards ;  the 
stalk  is  continued  along  the  dorsal  margin 
as  a  midrib  :  the  sporocarp  may,  in  fact, 
be  regarded  as  being  developed  from  the 
laminar  portion  of  the  leaf-branch.  The 
sporocarp  of  Pilularia  is  globular,  though 
it  is  slightly  pointed  at  the  apex:  it  may 
be  likewise  regarded  as  being  a  leaf- 
branch,  four  (usually)  leaflets  or  segments 
being  concerned  in  its  construction.  In 
both  genera,  especially  in  Marsilea,  the 
wall  of  the  sporocarp  is  composed  of 
several  layers  of  cells  with  thick  hard 
walls:  vascular  bundles,  springing  from 
the  stalk,  are  distributed  in  the  wall. 

The  number  of  sori  in  the  sporocarp  of 
Marsilea  varies  from  five  to  twenty- three 
in  the  different  species :  they  are  de- 
veloped in  tubular  cavities,  extending 
from  the  ventral  margin  of  the  sporocarp 
for  some  distance  towards  the  dorsal 
margin,  which  are  disposed  in  two  longi- 
tudinal rows,  one  row  on  each  side  of  the 
middle  line:  when  young,  these  cavities 
are  open  at  the  ventral  margin,  but  the 
apertures  become  closed  as  the  sporocarp  matures :  the  external 
wall  of  each  cavity  developes  into  a  projecting  ridge  of  tissue,  the 
placenta,  which  bears  the  sorus,  consisting  of  a  single  median  row 


Fie.  269.— stem  of  lfar«a«(| 
Salvatrix  with  leaves  (reduced 
one-half).  K  Terminal  bud; 
b  h  leaves;  //  sporocarps 
borne  on  petioles. 
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of  macrosporangia  and  a  doable  row  of  microsporangia  on  each 
flank.     The  cavities  are  surrounded  bj  parenchymatous  tissue. 

The  globular  sporocarp  of  Pilularia  contains  four  (sometimes 
two  or  three)  cavities,  extending  longitudinally  from  the  base  to 
the  apex,  enclosed  by  parenchymatous  tissue.  The  placenta  is  a 
ridge  of  tissue  on  the  external  wall  of  the  cavity,  bearing  the  sorus 
which  consists,  in  its  upper  part,  of  microsporangia,  and  in  its 
lower  of  one  or  more  macrosporangia.  The  cavities  at  first 
communicate  with  the  outer  air  at  the  apex  of  the  sporocarp,  but 
eventually  become  completely  closed. 

In  their  development,  the  sporangia  of  the  Heterosporous 
Leptosporangiataa  resemble  those  of  the  Homosporous  Lepto- 
sporangiatsB  (see  p.  392)  in  all  essential  points :  but  no  annulus  is 
developed.  In  each  sporangium  sixteen  spore-mother-cells  are 
developed  from  the  single  tetrahedral  archesporial  cell,  and  each 
of  these  mother-cells  undergoes  division  to  form  four  spores :  but 
whereas  in  the  microsporangia  all  these  sixty-four  spore-rudiments 
develope  into  microspores,  in  the  macrosporangium  only  one 
developes  into  a  macrospore,  the  others  being  abortive. 

The  development  of  the  spores  in  this  group,  is  remarkable  on 
account  of  the  important  part  played  by  the  multinucleate  proto- 
plasmic mass  (epiplasm),  derived  from  the  disorganisation  of  the 
tapetal  cells,  in  which  the  free  spore- mother-cells  are  embedded  at 
the  time  when  the  development  of  the  spores  is  commencing. 
Taking  first  the  Salviniaceae :  the  microsporangium  of  Salvinia 
contains,  when  mature,  a  number  of  microspores  embedded  in  a 
spongy  mass  of  a  substance,  which  gives  some  of  the  reactions  of 
corky  cell-walls  and  is  derived  from  the  protoplasm  of  the 
tapetal  cells  :  in  Azolla  the  microspores  are  likewise  embedded  in 
this  substance,  but  in  more  than  one  group  or  massula  (2-8) 
according  to  the  species.  Each  massula  is  surrounded  by  a 
membrane,  bearing  in  some  species  a  number  of  anchor-like  hairs, 
the  glochidia  (absent  in  A,  pinnata  and  A.  nilotlca) :  membrane 
and  glochidia  are  developed  whilst  the  massula  still  consists  of 
living  protoplasm.  In  Salvinia  the  macrospore  also  is  invested  by 
a  layer  of  this  spongy  substance,  constituting  the  epifpore  or 
perinium.  This  is  also  the  case  in  Azolla,  bat  here  the  perinium 
is  remarkably  developed.  Over  the  rounded  dorsal  surface  of  the 
radial  macrospore,  the  perinium  is  a  thick  membrane,  firm  at  the 
surface,  spongy  within,  with  warty  projections  bearing  filaments 
of  the  same  substance:  on  the  three  flattened  surfaces  of  tho  ventral 
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aspect  of  the  macrospore  the  periniam  forms  three  (A.  filiculoides 
and  caroliniana)  or  bj  segmentation  nine  (^1.  pinnata  and  nilotica) 
large  spongy  masses  which  constitute  the  so-called  floats  of  the 
spore :  at  the  pointed  apex  of  the  spore,  between  these  masses,  the 
perininm  nsnally  terminates  in  a  tnft  of  delicate  filaments. 

In  the  MarsileacesB  the  spores  become  invested  by  a  perininm, 
secreted  by  the  epiplasm,  consisting  of  an  inner  layer  made  np  of 
prisms  placed  with  their  long  axes  perpendicular  to  the  surface  of 
the  spore,  and  of  an  outer  layer  which  is  homogeneous  in  the 
case  of  the  microspore ;  but  in  the  case  of  the  macrospore  it  is 
stratified,  swells  up  enormously  on  being  wetted,  and  gives  the 
cellulose-reaction. 

In  all  cases  the  spore  has  its  own  proper  coats,  the  exospore 
and  the  endospore,  of  the  usual  constitution.  It  contains  a  mass  of 
granular  protoplasm,  with  a  nucleus,  and  encloses  numerous 
starch-grains,  oil-drops,  and  proteid  granules. 

The  dissemination  of  the  spores  is  effected  by  somewhat  peculiar 
means.  In  Salvinia  the  spores  remain  enclosed  in  the  sporangia, 
but  the  nporangia  break  off  from  their  stalks  and  float  on  the  sur- 
face of  the  water.  In  Azolla  the  indusium,  as  also  the  wall  of  the 
free  microsporangia,  slowly  decays,  and  the  massulsB  of  micro- 
spores escape ;  but  the  macrospore  remains  covered  in  its  upper 
end  by  the  wall  of  the  sporangium  and  by  the  indusium :  in  those 
species  in  which  glochidia  are  present,  the  massulae  become  hooked 
on  to  the  projecting  filaments  of  the  macrospores.  In  the  Mar- 
sileaceas  the  hai'd  sporocarp  must  first  of  all  be  opened ;  this  is 
effected  by  the  mucilaginous  walls  of  the  internal  tissue  of  the 
mature  sporocarp,  which,  when  the  sporocarp  is  moistened,  absorb 
water  and  swell  up  considerably.  In  Pilularia  the  tension  thus 
prodnced  causes  the  wall  of  the  sporocarp  to  split  into  2-4  valves 
at  the  apex,  and  through  this  opening  the  mucilage  escapes  carry- 
ing with  it  the  spores.  In  Marsilea  there  is  a  well  defined  strand 
of  swelling  tissue  extending  along  the  dorsal  and  ventral  margins  of 
the  sporocarp  and  forming  a  continuous  ring  with  which  is  con- 
nected the  tissue  enclosing  the  chambers  containing  the  sori : 
when  water  gains  entrance  to  the  mature  sporocarp,  this  tissue 
swells  and,  first  of  all,  causes  the  rupture  of  the  wall  of  the 
sporocarp  along  the  ventral  suture ;  the  ring  continues  to  swell 
and  drags  out  with  it  the  chambers  and  the  contained  sori  till 
they  lie  freely  in  the  water ;  it  is  estimated  that  the  ring  swells 
up  to  about  200  times  its  original  size ;  the  delicate  tissue  sur- 


Digitized  by 


Google 


412  PART  m.— THE   CLASSIFICATION   Or   PLANTS. 

rounding  the  sori  soon  becomes  disorganised,  as  also  the  walls  of 
the  sporangia. 

The  root  is  altogether  absent  in  Salvinia ;  in  the  other  genera 
the  primary  root  is  of  bnt  short  duration,  and  the  root-system 
consists  of  numerous  adventitious  fibrous  rootlets  which  have  an 
apical  growing-point  with  a  tetrahedral  apical  cell.  In  Azolla 
the  root-cap  is  but  imperfectly  developed,  and  in  A.  caroHniana  it  is 
completely  thrown  off  after  a  time. 

General  Histology.  In  the  Salviniaceae  the  stem  is  monostelic ; 
there  is  an  axial,  closed,  concentric,  vascular  cylinder,  without  any 
pericycle  but  with  a  two-layered  endodermis  of  which  the  outer 
layer  has  the  characteristic  markings  in  the  radial  cell-walls. 

In  the  Marsileacead  the  stem  is  polystelic  and  gamostelic ;  there 
are  five  steles  which  are  distinct  at  the  growing-point  but  fuse 
further  back  forming  a  hollow  cylinder  enclosing  some  ground- 
tissue  which  looks  like,  but  is  not,  a  pith. 

On  the  whole  the  histology  of  these  plants  generally  resembles 
that  of  the  allied  horaosporous  Ferns,  though  in  consequence  of 
their  more  or  less  aquatic  habit  the  intercellular  spaces  of  these 
plants  are  more  conspicuous,  especially  in  Salvinia  and  in  the  root 
of  Pilularia  where  they  form  large  air-chambers. 

Azolla  presents  a  case  of  symbiosis  which  resembles  that  of 
Anthoceros  (p.  353).  On  the  upper  surface  of  the  dorsal  lobe  of  each 
leaf,  near  the  base,  a  pit  is  formed  which  has  a  narrow  aperture 
and  is  occupied  by  Nostoc- filaments  (Anabeena)  amongst  which 
branch  hairs  which  are  developed  from  the  epidennal  cells  lining 
the  pit:  these  filaments  also  occur  in  the  macrosporangiate 
indusium,  having  entered  before  the  indusium  becomes  closed. 

The  Emhrtjogeny  of  the  Sporophyte.  The  early  divisions  of  the 
oospore  are  essentially  the  same  as  in  the  allied  homos  porous  Ferns. 
The  individual  peculiarities  of  subsequent  development  are  briefly 
as  follows.  In  Salvinia  the  whole  of  the  hypobasal  half  goes  to 
form  the  foot,  no  primary  root  being  developed ;  of  the  four 
epibasal  octants,  one  gives  rise  to  the  growing-point  of  the  stem, 
and  two  to  that  of  the  first  leaf  or  cotyledon,  and  from  the  basal 
region  of  these  octants  a  transverse  layer  of  cells  is  cut  off  which 
eventually  elongates  forming  a  cylindrical  hypocotyl,  sometimes 
termed  the  caulicle  ;  the  cotyledon  is  termed  the  scutiform  leaf  on 
account  of  its  form  and  mode  of  attachment ;  the  young  stem  first 
pi*oduces  one  or  two  isolated  foliage-leaves,  and  then  the  regular 
development  of  the  whorls  of  two  foliage- leaves  and  one  water-leaf 
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(see  p.  407)  begins.  In  the  other  three  genera,  two  of  the  epi- 
basal  octants  give  rise  to  the  first  cotyledon,  one  to  the  growing- 
point  of  the  stem,  and  the  fourth  to  a  second  cotyledon,  so  that 
here  there  are  two  cotyledons :  the  hypobasal  octants  give  rise 
to  foot  and  root  in  the  usual  manner. 

The  Gametophyte.  As  these  plants  are  heterosporous,  the 
gametophyte  is  represented  by  distinct  male  and  female  indivi- 
duals :  these  remain  connect'Od  with  the  spores  producing  them. 

The  m^ile  individual  is  developed  from  a  microspore :  it  consists 
of  a  rudimentary  prothallium  bearing  generally  a  single  male 
organ  (antheridium),  though  in  Salvinia  there  are  apparently  two 
antlieridia. 

In  Salvinia  the  germination  of  the  microspores  takes  place  with- 
in the  microsporangium ;  the  inner  coat  (endospore)  of  the  spore 
grows  out  as  a  longer  or  shorter  tube  through  the  ruptured  outer 
coat  (exospore),  and  eventually  makes  its  way  through  the  wall  of 
the  sporangium  so  that  its  free  end  is  in  the  water  outside :  a  trans- 
verse wall  is  formed  within  it  which  cuts  off  the  apical  portion  of 
the  tube  as  the  fertile  portion  of  the  prothallium 

In  Azolla  the  microspores  germinate  within  the  massula.  The 
exospore  of  the  tetrahedral  spore  ruptures  along  the  three  edges, 
and  the  endospore  protrudes  as  a  papilla  at  the  apex.  A  transverse 
wall  is  formed  across  the  base  of  the  papilla,  which  now  becomes 
the  mother-cell  of  the  single  antheridium.  The  spermatozoids 
probably  escape  from  the  massula  on  the  deliquescence  of  its  sub- 
stance. In  the  Marsileacesa  the  male  prothallium  is  formed  alto- 
gether within  the  microspore :  the  spore  divides  into  two  cells,  a 
smaller  basal  cell  which  represents  the  vegetative  portion  of  the 
prothallium,  and  a  larger  one  which  is  the  mother-cell  of  the 
antheridium.     In  all  cases  the  prothallium  has  no  chlorophyll.    - 

The  male  orgaUj  or  antheridium,  is  developed  from  the  antheridial 
mother-cell  mentioned  above.  It  generally  undergoes  divisions  so 
as  to  form  a  central  cell  surrounded  by  a  single  layer  of  cells  form- 
ing the  wall  of  the  antheridium.  But  Salvinia  is  peculiar  in  that  the 
central  cell  of  each  antheridium  is  not  completely  surrounded  by  a 
parietal  layer  of  cells,  but  comes  to  the  surface  of  the  antheri- 
dium. The  central  cell  then  undergoes  further  divisions  to  form 
the  mother-cells  of  the  spermatozoids  of  which  there  are  eight  in 
the  Salviniacead  (four  in  each  antheridium  of  Salvinia)  and  thirty- 
two  in  the  MarsileaceaB. 

The  male  cells,  or  spermatozoids,  resemble  tho^e  of  the  homO'» 
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sporons  leptosporangiate  Ferns  in  all  essential  features  of  their  form 
and  development,  as  also  in  their  extrusion  from  the  autheridium. 
In  the  MarsileaccsB,  the  male  prothallium  is  enclosed  within  the 
microspore  until  the  anthcridium  is  mature,  when  the  spore-walls 
are  ruptured  by  the  swelling  of  the  cells  of  the  contained  pro- 
thallium,  and  the  spermatozoids  are  set  free. 

The  female  individual  is  a  small  multicellular  prothallium  of  a 
green  colour,  and  is  developed  from  a  macrospore  to  which  it  re- 
mains attached.  The  development  of  the  prothallium  begins 
inside  the  macrospore  at  its  pointed  apical  end,  where  there  is 
an  aggregation  of  protoplasm  in  which  the  nucleus  lies.  The 
nucleus  divides,  and  this  is  followed  by  the  formation  of  a  cell- 
wall  between  the  two  nuclei,  cutting  off  the  apical  portion  of  the 
spore,  as  a  small  cell,  from  the  basal  larger  portion;  this  first 
wall  is  termed  the  diaphragm^  and  it  marks  off  that  portion  of  the 
macrospore  which  gives  rise  to  the  prothallium  from  that  portion 
which  takes  no  part  in  the  process.  The  small  cell  then  under- 
goes repeated  division  to  form  the  prothallium  which  consists,  in 
the  Salviniacese,  of  several  layers  of  cells  (at  least  in  the  middle 
region),  and  in  the  Marsilea^jeae  of  two  layers  only.  As  the  pro- 
thallium developos,  the  coats  of  the  macrospore  split  into  three 
valves  at  the  apex,  so  that  now  the  prothallium  is  in  direct  rela- 
tion with  the  exterior.  Whilst  in  the  Marsileaceaa  the  prothallium 
pi-ojects  but  little  from  the  spore,  in  the  Salviniaceae  (especially 
Salvinia),  where  it  is  larger,  the  greater  part  of  it  is  outside.  In 
Azolia  its  outline  is  that  of  a  rounded  triangle,  projecting  between 
the  lobes  of  the  epispore,  and  throwing  off  the  cap  formed  by  the 
wall  of  the  sporangium  and  the  indusium ;  in  Salvinia  it  is  more 
acutely  triangular,  two  of  the  comers  (anterior)  growing  out  into 
long  wing-like  appendages,  and  breaking  through  the  wall  of  the 
sporangium. 

There  is  no  clear  differentiation  of  an  archegoniophore,  such  as 
occurs  in  some  of  the  homosporous  LeptosporangiatsB  (see  p.  401), 
though  there  is  an  indication  of  this  in  Salvinia  where  the  pro- 
thallium projects  somewhat  in  the  median  line,  especially  an- 
teriorly, where  the  archegonia  are  borne. 

No  cell-formation  takes  place  in  the  larger  basal  portion  of  the 
macrospore  below  the  diaphragm,  though  nuclear  division  has 
been  observed  in  Azolia.  This  eventually  becomes  filled  with 
starch  and  other  nutritive  substances  for  the  nutrition  of  the 
embryo. 
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The  female  organ,  or  archegonium,  differs  in  no  essential  feature 
of  stractare  or  development  from  that  of  the  homosporoas  lepto- 
sporangiate  Ferns.  In  the  MarsileaceaB,  onljr  a  single  archegoniura 
is  developed ;  it  arises  from  a  cell  in  the  middle  of  the  upper  sur- 
face of  the  prothallium ;  in  Azolla,  if  the  archegonium  does  not 
become  fertilised,  a  few  more  arche- 
gonia  may  be  subsequently  developed ; 
in  Salvinia,  at  least  tlirae  archegonia  ' 

are  always  formed,  the  first  anteriorly 
in  the   middle   line,  the   second  and 
third  one  on  each  side  of  the  first. 
If  none  of    these   become  fertilised, 
the  prothallium  resumes  its  growth       ^ 
both   in   breadth  and  length,  and  a      Jn~/^ 
second  row  of  archegonia  is  formed      ^^^/ 
in    front   of   the   fii*st.      Similarly    a 
third   and  a  fourth  row,  with  an  in 
creased  number  of  archegonia  in  each 
(seven  or  more),  may  be  successively        ^•®'  *70.— Oametophyte  of  8ai- 

J         J        T      T»'i    I'll!  y'lnitk  (x  60X     A  Maorosporangitim 

produced.      In  Pllularia  also  the  pro-       ^  ^^^ ^  germinated macroepore  .p 

thallium  grows  to  a  considerable  size      (dotted  outline) ;  pt  female  pro- 

•  •    .,  ,  .  i.    ^     i.-i-      J         thallinm  projecting  from  the  apex 

if   the  archegonium   is    not    fertilised,       of  the  .pore;  ar  archegonia.     BA 

though     no     more     archegonia     are      microspore  isolated  from  a  micro- 
formed  sporangium:  «p   >pore;    pt   male 

prothallium ;  a  antheridia. 
The  female  cell,   or   oosphere,   de- 
veloped in   each  archegonium,  does  not  require   any  special  de- 
scription. 

Order  7.  Salviniaceae :  microsporangia  and  macrosporangia  in  distinct 
Bori,  each  soras  being  covered  by  an  indusiom  ;  the  spores  are  surrounded  by 
spongy  mucilage,  forming  an  episporium  or  perinium  round  the  individual 
macrospores,  and  holding  all  the  microspores  together  within  the  sporangium 
(Salvinia)  or  in  several  groups  or  massnlse  (Azolla) ;  the  female  prothallium  is 
relatively  large  and  bears  several  archegonia. 

No  species  of  Azolla  is  European :  Salvinia  natam  occurs  in  Southern 
Europe. 

Order  8.  Marsileaceae  :  microsporangia  and  macrosporangia  in  the  same 
sorus,  a  number  of  sori  being  enclosed  in  the  specially  modified  sporophyll- 
segment,  the  whole  forming  a  sporocarp.  Each  spore  is  invested  by  a  mucila- 
ginous prismatic  perinium.  The  female  prothallium  is  relatively  small,  and 
bears  but  a  single  archegonium. 

Pilularia  glohulifera  is  the  one  British  species  belonging  to  this  order.  The 
European  species  of  Marsilea  are  M.  pubencens,  which  occurs  in  the  Mediter- 
ranean region,  and  M.  quadrifoliataj  in  Central  Europe. 


Digitized  by 


Google 


416 


PART   III. — THE   CLASSIFICATION   OF    PLANTS. 


CLASS  VI.    EQUISETTNJB. 

This  class  includes,  among  existing  plants,  only  the  homosporons 
order,  Eqaisetaceao ;  bat  there  are  many  extinct  fossil  forms,  some 
of  which  are  undoubtedly  heterosporous. 

Order  1.  Equisetaceae.  This  order  inolades  the  single  genus  Equiseinm 
(HorHetail).    Of  the  twenty  species  of  this  genus,  about  half  are  British  {E. 

arvense,  maximum,  iilva- 
ticum,  paluMtre,  limoium, 
hyemaU,  trachyodofit  va- 
rUgatum,  pratenge,  litor- 
aU), 

Thb  Sporophtte.  The 
item  consists  of  a  horizon- 
tal, subterranean,  much- 
branched  rhizome;  some 
of  the  branches  come  to 
the  surface,  and  are  the 
sub-aerial  shoots.  The 
rhizome  and  its  branches 
are  very  distinctly  seg- 
mented into  nodes  and 
intemodes.  At  each  node 
is  borne  a  whorl  of  scale- 
leaves  forming  a  con- 
tinuous sheath.  Tbe 
branches,  as  also  tbe  ad- 
yentitious  roots,  spring 
from  the  nodes,  a  bud 
being  developed  in  the 
axil  of  each  leaf,  and  an 
adventitious  root  from  tbe 
base  of  each  bud ;  but  in 
the  sub-aerial  shoots  the 
rudimentary  roots  do  not 
grow  out,  whilst  in  the 
subterranean  shoots  re- 
latively few  of  the  buds 
grow  into  branches.  In 
certain  species  {E.  arvense, 
rilvaticum,  maximum,  pa- 
luMtre,  etc.)  some  of  the 
subterranean  branches  be- 
come tuberous. 
The    sub-aerial    shoots 


Fio.  271.  Median  longitadinal  section  of  the  apical  por- 
tion  of  a  v^etative  shoot  of  Equitttum  arvmu ;  pv  apical 
growing-point ;  g  bnd-rudlment ;  g'-g'"  stages  in  the  de- 
velopment of  lateral  buds ;  r  r'  developing  adventitioos 
roots  on  the  bads ;  m  central  fax>and-tiBsae  (not  pith) ; 
«•  developing  (common)  vascnlar  handle ;  n  nodal 
diaphragms,    (x  26:  after  Strasburger.) 


generally  live  for  one  season  only,  and  are  herbaceous  in  texture,  but  in  some 
species    they    persist    {e.g.  E.  hiemale,   trachyodon,  variegatum)»     They  are 
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generally  green  in  colour,  and  their  surface  is  more  or  less  strongly  ribbed. 
Some  of  these  shoots  are  sterile,  whilst  others  are  fertile,  bearing  the  sporangia. 
In  most  species  the  sterile  and  fertile  shoots  are  alike  (Equiseta  homophyadioa), 
but  in  the  four  species  E,  arvenie,  maximum^  iilvaticum,  prateme  (Equiseta 
heterophyadica)  they  are  more  or  less  widely  different.  Thus  in  E.  aroente 
and  maximum,  the  fertile  shoots  are  deyeloped  early  in  the  spring,  and  are  an- 
branched,  whereas  the  copiously  branched  sterile  shoots  are  not  developed  till 
the  summer ;  moreover  the  fertile  shoots  are  not  green.  In  E.  prateme  the 
differences  between  the  fertile  and  sterile  shoots  is  less  marked,  the  former  bear- 
ing a  few  whorls  of  simple 
branches.  In  E,  tilvaticum 
the  fertile  shoot  has  no 
branches  at  first,  but  alter 
the  shedding  of  the  spores 
the  terminal  cone  dies  off, 
the  shoot  throws  out 
branches,  and  thus  comes 
to  be  a  sterile  shoot.  In 
some  species  the  sub-aerial 
shoots  are  generally  un- 
branched  {e.g.  E,  hiemale, 
trachyodcn,  variegatum). 

The  leaves  are  either  ca- 
taphylls  or  sporophylls.  The 
cataphylls,  representing  the 
foliage-leaves,  are  borne  in 
whorls  at  the  nodes,  having 
a  common  attachment,  so 
that  they  form  a  leaf-sheath 
it  each  node.  They  are 
small  and  brown  in  colour. 

The  sporophylls,  like  the 
cataphylls,  are  developed  in 
whorls,  but  owing  to  the 
fact  that  the  internodes 
between  the  whorls  do  not 
elongate,  the  sporophylls 
are  aggregated  into  a  cone- 
like  flower  situated  termin- 
aUy  on  the  shoot  (Fig.  272), 
or  less  commonly  (e.g,  E, 
palustre)  on  some  of  the 
lateral  branches.  The  leaf- 
sheath  below  the  cone, 
marking  off  the  reproductive  from  the  vegetative  region  of  the  shoot,  is  peculiar, 
being  generally  very  much  reduced,  and  is  termed  the  ring  (see  p.  79). 

Each  sporophyll  has  a  small  hexagonal  lamina  which  is  inserted  on  the  axis 
of  the  cone  by  a  short  stalk  attached  to  the  centre  of  the  inner  surface  of  the 


Fxe.  872.— A  Upper  portion  of  a  fertile  branch  of 
Bqui96tum  palustre,  v  Lear-sheaths,  below  which  the 
branches  (r)  spring;  io  the  uppermost  slerile  shetUi 
(ring) ;  a  the  flower ;  •  the  peltate  sporophylls.  B  Tmna- 
verse  section  of  the  stem  (x  6):  c  central  cavity;  <  the 
vascular  bundles  arranged  in  a  circle,  each  having 
a  carinal  cavity,  Ic;  f  the  vallecular  cavities;  r  tbo 
ridges.  0  Sporophyll  with  sporangia  (  x  10) :  $t  the 
stalk;  tp  the  sporangia.  D  Diagram  of  the  course 
taken  by  the  vascular  bundle-i  where  two  internodes 
meet;  ii  the  internodes ;  k  the  node. 


V.  S.  B. 
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lamina.  Thus  the  sporophyll  is  peltate.  It  bears  on  its  inner  (dorsal)  sorfaoe, 
a  small  number  (5-10)  of  sporangia  arranged  round  the  leaf-stalk. 

The  $porangia  are  somewhat  elongated  in  foim,  and  are  sessile.  The  wall 
of  the  sporangium  consists  of  a  single  layer  of  cells  with  spiral  thickening. 
Dehiscence  takes  place  longitudinally  on  the  side  facing  the  leaf-stalk.  The 
archesporium  is  usually  a  single  (not  tetrahedral)  cell  from  which  are  derlTcd 
the  mother-cells  of  the  spores,  each  of  which  give  rise  to  four  spores. 

The  $pores,  which  are  all  of  one  kind,  are  developed  tetrahedrally,  but  are 
nearly  spherical  when  ripe.  Each  spore  has  two  coats,  exine  and  intine,  and 
originally  a  perinium  is  present.  The  periniam,  as  it  deyelopes,  becomes 
irregularly  thickened  in  such  a  way  that,  when  the  thin  portions  are  destroyed, 
the  thickened  portions  remain  as  four  filaments,  the  elaters^  all  attached  at  one 
point  only  to  the  spore.  These  elaters  are  yery  hygroscopic.  When  the  air  is 
dry  they  expand,  and  stand  out  stifi9y  from  the  spore ;  when  mobtened,  they 
suddeuly  roll  up  spirally  round  the  spore.  The  spores  become  eotangled  by 
their  elaters,  so  that  when  set  free  from  the  sporangium  a  number  of  the 
spores  fall  to  the  ground,  and  germinate  near  together. 

The  roots  are  all  adventitious,  though  a  short-lived  primary  root  is  developed. 
They  are  developed  at  the  nodes  of  the  rhizome. 

General  Histology.  A  striking  feature  in  the  anatomy  of  the  stem  is  the  pre- 
sence of  large,  mainly  lysigenous,  air-cavities :  thus,  in  some  species,  the  rhizome 
has  a  large  central  cavity  in  each  intemode  {E.  silvaticum  [Fig.  273  C,  a],  ar- 
veme,  maximum);  a  similar  cavity  is  present  in  the  internodes  of  the  aerial 
shoots  of  nearly  all  the  species  (Fig.  273  i,  a) ;  the  central  cavities  of  successive 
ioternodes  are  shut  off  from  each  other  by  diaphragms  at  the  nodes  (Fig.  271  n)  : 
a  series  of  similar  cavities  occurs  always  in  the  cortex,  alternating  with  the  vas- 
cular bundles  internally  and  with  the  surface-ribs  externally,  hence  termed 
vallecular  cavities  (Fig.  273  b) ;  finally,  in  connexion  with  each  vascular 
bundle,  there  is  a  large  cavity,  the  earinal  cavity  (Fig.  273  c),  extending,  like 
the  others,  from  one  node  to  another. 

The  growing-point  of  the  stem,  and  of  its  branches,  is  apical,  and  has  a  tetra- 
hedral apical  cell  (Figs.  112,  113).  The  stem  is,  except  at  first,  schizostelio 
(see  p.  152) ;  the  sohizosteles  may  be  either  distinct  (rhizomes  and  aerial  shoots 
of  E.  limosum  and  litorale  [Fig.  273  B]  ;  rhizomes  of  E.  JUemaUt  traehyodon^ 
and  ramosissimum) ;  or  they  may  fuse  (gamodesmic,  see  p.  170),  so  that  the 
endodermis  becomes  continuous,  forming  either  only  a  well-marked  external 
layer  (rhizomes  and  aerial  shoots  of  E,  arvense,  maximum^  praUnse^  scirpoide*, 
paluttre  [Fig.  274  A]  ;  aerial  shoots  of  E.  silvaticum),  or  well-marked  external 
and  internal  layers  (rhizome  of  E,  silvaticum  [Fig.  2T4  C]  ;  rhizome  and  aerial 
shoot  of  E.  variegatum;  aerial  shoots  of  E,  hiemale,  trachyodon,  ramosissimum). 

Each  Bchizostele  contains  a  single  bundle  which  is  collateral,  closed  and 
common,  with  very  rudimentary  xylem  consisting  of  the  few  annular  vessels  of 
the  protoxylem  and  of  two  small  groups  of  scalariform  tracheids. 

In  the  aerial  shoots  (except  specialised  fertile  shoots  of  E.  arvtnse,  etc.)  there 
16  a  considerable  development  of  assimilatory  tissue  in  the  cortex,  strands  of 
this  tissue  corresponding  in  position  with  the  furrows  on  the  surface  in  which 
the  stomata  are  developed ;  whilst  opposite  the  ridges  on  the  surface  there  are 
cortical  strands  of  sclerenchyma.     The  development  of  assimilatory  tissue  in 
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the  shoots  and  branches  is  eorrelated  with  the  absence  of  foliage-leaves,  the 
functions  of  foliage-leaves  having  therefore  to  be  discharged  by  the  shoots  and 
branches.    The  epidermal  cell-walls  are  impregnated  with  silica. 

The  root  grows  in  length  by  means  of  a  tetrahedral  apical  cell;  in  its  mode 
of  growth,  development  of  root-cap^  etc.,  it  essentially  resembles  that  of  the 
Ferns.  Its  strnctore  is  rather  peculiar: — the  vascular  cylinder  consists 
(usually)  of  three  wood-bundles  and  three  bast-bundles,  and  is  invested  by  two 
layers  of  sheatMng-eells,  the  outer  of  whieh  has  the  characteristic  marks  of  an 
endodermist  whilst  the  inner  appears  to  be  a  pericycle  and  gives  rise  to  the 
growing-points  of  the  lateral  roots ;  however,  the  iiiner  layer  is,  as  a  matter  of 
fact,  not  a  pericycle,  but  the  innermost  layer  of  the  cortex,  the  endodermis 


i:nd. 


Via,  273.— Portions  of  transverse  sections  of  stems  of  species  of  Eqnisetam,  illastrating 
sobizostely  (after  Pfitzer:  x36).  B  Typical  schizostelic  rhizoa>e  of  B,  litoraU :  C  schisos- 
telic  ff&modesmic  rhizome  of  B.  tUvaticwn  ;  A  aerial  stem  of  B,  palustr«,  in  which  the 
«tracture  is  the  same  as  in  C,  bat  the  markings  of  the  internal  endodermal  layer  are  not 
developed,  so  that  the  stem  appears  to  be  monostelic ;  a  central  cavity ;  l>  yaliecular 
cavities  in  the  cortex ;  o  carinal  cavities  in  the  schizosteles ;  Bnd.  endodermis. 

being  the  last  layer  but  one  of  the  cortex.  Hence  it  appears  that  here,  as  in 
the  Ferns,  the  lateral  roots  spring  from  the  innermost  layer  of  the  cortex. 
There  is  no  pericycle  in  the  root  of  Equisetum. 

Embryngeny  of  the  SporophyU,  The  oospore  is  divided  by  a  transverse  basal 
wall,  and  then  becomes  segmented  into  octants,  as  in  the  FilicinsB.  Of  the  four 
epibasal  octants,  one  gives  rise  to  the  growing  point  of  the  primary  stem  ;  two 
to  the  first  cotyledon ;  and  the  fourth  to  the  second  cotyledon :  the  two  cotyle- 
dons cohere  to  form  a  leaf-sheath  round  the  young  primary  stem.    Of  the  four 


Digitized  by 


Google 


420  PART   IIL — THE   CLASSIFICATION  OF  PLANTS 

hypobasal  octants,  one  giyes  rise  to  the  growing-point  of  the  primary  root,  and 
two  to  the  foot. 

The  primary  stem  grows  erect,  and  its  leaf-sheaths  are  three-toothed,  the 
three  leaves  corresponding  to  the  three  segments  cat  off  from  the  apical  cell  of 
the  stem ;  it  branches  at  its  base ;  stonter  shoots  with  an  increasing  number  of 
teeth  in  the  leaf-sheaths  are  sneoevtively  produced,  and  eyentually  a  branch  is 
produced  which  becomes  the  perennial  subterranean  rhizome. 

The  Oametophtt^48  a  green,  dorsiventral,  lobed  prothallium  which  becomes 
quite  free  from  th^  8iK>re.  The  prothallia  are  generally  diodcious,  the  female 
prothallia  being  larger  than  the  male ;  but  the  distinction  of  sex  is  not  absolute, 
for  the  female  prothallia  may  eventually  bear  male  organs,  and  the  male  pro- 
thallia female  organs ;  it  appears  to  depend  largely  on  conditions  of  nutrition. 

The  germinating  spore  divides  into  two  cells :  one  of  these  contains  no 
chloroplastids,  and  grows  out  into  a  hair  which  represents  a  root  (see  p.  61), 
the  other  contains  (^loroplastids,  and  grows  and  divides  to  form  the  first  lobe 
of  the  prothallium,  which  branches  as  its  development  proceeds,  some  of  the 
branches  of  the  female  prothallia  growing  erect.  On  its  under  surface  the 
prothallium  bears  numerous  root-hairs. 

At  first  the  prothallium  consists  throughout  of  a  single  lajer  of  cells ;  in  the 
female  prothallium,  however,  one  of  the  lobes  becomes  thick  and  fleshy,  con- 
sisting of  several  layers  of  cells  formed  by  repeated  horizontal  cell-division,  and 
this  constitutes  the  archegoniophore. 

The  7Hale  organ ^  or  antheridium,  is  developed  from  a  single  cell  of  the  margin 
of  the  male  prothallium :  this  cell  undergoes  repeated  division,  with  the  result 
that  a  wall,  consisting  of  a  single  layer  of  cells,  is  formed  surrounding  a  central 
cell  from  which,  by  subsequent  divisions,  the  numerous  mother-cells  of  the 
nude  cells  are  developed  :  the  antheridium  eventually  dehisces  by  the  separa- 
tion of  the  cells  forming  the  roof,  in  consequence  of  the  swelling-up  of  the  con- 
tents of  the  antheridium.  The  male  prothallium  bears  several  antheridia,  one 
being  developed  terminally  on  each  lobe,  and  others  in  succession  on  the  lateral 
margins. 

The  male  celli  or  spermatozoid,  is  larger  than  that  of  any  other  Pteridophyta ; 
it  has  only  two  or  three  coils,  and  bears  a  tuft  of  short  cilia  at  its  anterior 
pointed  end. 

The  female  organ^  or  archegonium,  resembles,  in  all  essential  features  of  its 
structure  and  developmeut,  that  of  the  typical  Filicinte :  a  distinctive  peculi- 
arity is  afforded  by  the  long  recurved  terminal  cells  of  the  neck,  and  by  the 
relatively  small  neok-canal-cell.  Each  prothalliam  bears  a  number  of  these 
organs :  they  are  developed  each  from  an  anterior  marginal  cell,  and,  as  the 
prothallium  continues  to  grow,  the  organs  come  to  lie  on  its  upper  surface. 

The  female  cell  is  an  oosphere,  and  calls  for  no  special  remark. 
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CLASS  VII.—LYCOPODIN^. 


SUB-CLASS  HOMOSPOBE£. 

Order  1.  Lycopodiaceae.  This  order  contains  the  two  genera  Lyoopodium 
and  Pbylloglossum :  the  former  is  a  large  genus,  six  species  being  British  (L. 
SelagOt  inundatum,  annoiinum,  elavatum^  alpinum,  complanatum)  and  commonly 
termed  Club-mosses  :  the  genus  Pbylloglossum  has  a  single  species  (P.  Drum* 
mondii)  found  in  Australia  and  New  Zealand. 

Thb  Sporophytb.  The  stem.  In  Lycopodium  the  stem  is  slender  and  much 
branched,  erect  {e.g,  L.  Selago),  or  growing  horizontally  on  the  surface  of  the 
ground  {e,g.  L.  clavatttm  [Fig.  274]  annotinnm),  or  beneath  the  surface  as  a 
rhizome  {e.g,  L.  alpinunij  complanatum) :  the  branching  is  in  some  cases  dicho- 
tomous,  in  others 
monopodial ;  it 
may  take  place 
in  all  directions 
or  in  one  plane 
only  (L.  eomplan' 
atum). 

In  Pbylloglos- 
sum the  stem 
(protocorm)  is  a 
tuber,  bearing  an 
apical  tuft  of 
leaves:  the  only 
branch  formed 
deyelopes  into 
next  year's  tuber. 

The  leaves.  In 
some  species  of 
Lycopodium  all 
the  leayes  are 
alike  (e.g.  L.  Se- 
lago)  ;  but  in 
most  species,  as 
also  in  Pbyllo- 
glossum, the  foUaj^e-leaTCs  and  the  sporophylls  are  more  or  less  widely  different. 

The  foliage-leaves  are  small  and  very  numerous  in  Lycopodium ;  their 
arrangement  is  various,  whorled,  or  spiral,  or  in  decussate  opposite  pairs  (L. 
complanatum^  etc.) :  in  the  last  case  there  is  beterophylly,  as  the  decussate 
leaves  on  the  flattened  sterile  shoots  vary  in  size,  those  on  tbe  lateral  margins 
of  the  shoots  being  larger  than  those  on  the  flattened  surfaces.  The  leaves  are 
sesMile,  simple,  and  have  a  rudimentary  midrib. 

In  Pbylloglossum  the  foliage-leaves  are  few  (8-7) ;  they  are  sessile,  simple, 
somewhat  awl-shaped,  and  about  half  an  inch  long. 

The  sporophylls  present  considerable  variety.  In  L,  Selago  and  its  allies  they 
are  quite  like  the  foliage-leaves ;  in  most  species  of  Lycopodium  (e.g.  L,  inundatum\ 


Fio.  274.— Portion  of  Lyoopodium  etavatum,  somewhat  nnaller 
than  nat.  size :  n,  the  cone-like  flower.  B  a  single  sporophyll  (b) 
firom  tbe  cone,  bearing  a  sporangiam  «p,  which  baa  dehisced  ( x  10); 
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elavatumt  Phlegmaria,  etc.)  the  clearly  differentiated  sporopbylU  are  aggregated 
into  terminal  cone-like' flowers,  and  in  some  cases  the  branch  bearing  the  cone 
grows  out  into  a  long  pedoncle  (L.  clavatum,  complanatuMt  etc.). 

Id  Phylloglossam  the  small  sporopbylls  are  aggregated  into  a  cone  borne  ter- 
minally on  a  peduncle  which  grows  from  the  apex  of  the  tuber :  the  lower 
sporopbylls  only  are  fertile. 

The  tporangia  are,  in  both  genera,  borne  singly  on  the  upper  surface  of  the 
sporopbylls  near  their  base.  The  archesporium  consists  of  a  single  row  (X. 
SelagOf  Phylloglossum)  or  of  a  few  rows  (I.  clavatum)  of  cells  which,  by  their 
division,  giye  rise  to  the  mother-cells  of  the  spores.  The  sporangia  are  unilocular, 
Boipewbat  reniform  in  shape,  and  (in  Lycopodium)  seated  on  a  short  broad 
ptiUk ;  they  dehisce  by  a  longitudinal  slit. 


prothr 


Fio.  275.— Bmbrxog<>ny  of  Xycoroditim  oemuum  (x  300:  after  Treab).  The  embryo  ia 
just  emergiDg  from  the  prothalliam  prof h. ;  artlx,  the  neok  of  the  archegoninm  ;  l-l  basal 
wall ;  mup.  siupensor;  oot.  cotyledon;  ivh,  tuberous  protocorm. 

The  tporn  are  all  of  one  kind,  and  are  tetrahedral  in  form :  they  haye  the 
ordinary  structure. 

The  rooU  are  all  adventitious.  In  the  erect  species  of  Lycopodiam  they 
spring  as  a  tuft  from  the  basal  end  of  the  stem :  in  the  procumbent  species  they 
are  bom  singly  on  the  under  surface  of  the  stem.  The  roots  branch  dichoto- 
monsly  in  alternate  planes.  In  Phylloglossum  the  short  unbranched  roots 
(1>3)  spring  from  the  tuber  just  below  the  insertion  of  the  leaves  :  they  are  of 
exogenous  origin. 

General  Histology.  The  growing-point  of  stem  and  root  alike  consists,  in 
Lycopodium,  of  small-celled  meristem,   no  apical  cell  being   present.    Both 
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Btem  and  root  have  an  axial  vascalar  cylinder  consisting  of  alternating  bandies 
of  wood  and  of  bast  arranged  radially :  thus  the  stem  is  monostelio,  and  its  struc-  ■ 
ture  only  differs  from  that  of  the  stouter  roots  in  respect  of  the  larger  number 
of  bundles  present :  in  smaller  roots  there  is  only  one  wood-  and  one  bast-bundle. 
la  the  stem  the  bundles  frequently  anastomose,  more  especially  in  the  erect- 
growing  species,  so  that  transverse  sections  taken  at  different  levels  present 
diverse  pictures.     The  wood-bundlea  consist  of  scalariform  tracheids,  with  the 
exception  of  the  protoxylem.    Neither  stem  nor  root  grows  in  thickness.    In 
both  stem  and  root  there  is  an  endodermis,  the  cells  of  which  have  the  charac- 
teristic   marking 
when  young  but 
eventually       be- 
come  thick-wall- 
ed  and  corky :  the 
endodermis   does 
not,  however,  ap- 
pear  to   be    the 
innermost     layer 
of  the  cortex;  be- 
tween it  and  the 
vascular  bundles 
is  what   appears 
to  be  a  pericycle, 
oonsisting  of  two 
or  three  or  more 
layers    of    cells, 
bnt  this  apparent 
pericycle  is  really 
the  innermost  re- 
gion of  the  cor« 
tex.    The  adven- 
titious roots  are 
developed     from 
tiie    pseado-peri- 
cyele  of  the  stem. 
The  leaves  of  Ly- 
copodium  are  of 
very  simple  struc- 
ture; they  usually 
have  stomata  on 
both  surfaces. 

In  Phylloglossum,  likewise,  the  growing-point  of  both  stem  and  root  has  no 
apical  cell.  The  tuber  consists  wholly  of  parenchymatous  tissue.  In  each  leaf 
and  root  there  is  a  single  bundle :  these  bundles  anastomose  at  the  point  of 
origin  of  these  members  :  when  there  is  a  sporangiferous  shoot  it  contains  an 
axial  strand  of  vascular  tissue  connected  at  the  base  with  those  of  the  roots  and 
leaves.    The  bundles  are  rudimentary  and  ill-defined. 

Embryogeny  of  tlie  Sporophyte,     The  early  stages  have  only  been  observed  in 


; 


Fxo.  276.— Embryogeny  of  Lyeopodium  inundatum  (x  43x  after. 
Goebel):  proth,  prothAllium ;  proth.  tub.  tuberous  portioo  of  the 
prothallinm ;  arch,  arcbegonium ;  emJb.iub.  tuberous  protocorm  of 
the  embryo;  cot  cotyledon;  at.  second  leaf,  at  the  base  of  which  is 
the  growing-point  of  the  stem. 
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X.  Phlegmaria,  where  the  oospore  is  divided  by  a  transverse  basal  wall,  the  cell 
next  to  the  neck  o£  the  arohegoninm  being  the  hjpobasal  cell,  and  the  lower  cell 
the  epibasal.  The  hypobasal  cell  developes  into  a  short,  eylindrical,  nsnally 
nnicellular,  suspensor.  The  somewhat  hemispherical  epibasal  cell  becomes  seg- 
mented into  four  octants  by  two  walls  at  right  angles  to  each  other  and  to  the 
basal  wall,  and  then  the  octants  are  divided  transversely,  by  a  wall  at  right  angles 
to  the  two  preceding,  into  two  tiers  or  stages  of  foor  ceUs  each.  Of  these  two 
tiers  the  lower  forms  a  short  hypoootyl  (as  in  Salvinia,  see  p.  412)  which  is  com- 
monly (bat  erroneously)  called  the  foot,  though  it  is  morphologically  quite 
different  from  the  foot  of  the  Filicinie  and  Equisetins,  the  true  homologue  of 
the  foot  in  those  groups  being  the  suspensor  in  this.  The  upper  tier  of  cells 
gives  rise  to  the  first  leaf  or  cotjledon,  and  to  the  primary  stem.  The  first  root 
eventually  springs  adventitiously  from  cells  belonging  to  the  upper  tier,  below 
the  cotyledon :  its  origin  is  exogenous. 

In  the  other  species  which  have  been  studied  (L.  eemuum  and  invndatum), 
whilst  the  early  stages  are  probably  much  the  same  as  in  L.  Phlegmana^  some 
important  differences  become  apparent  later.  The  primary  stem  is  not  imme- 
diately developed,  as  in  L.  PhUgmaria^  but  in  its  place  a  tuberous  protooorm 
(closely  resembling  that  of  Phylloglossum)  is  produced,  carrying  the  cotyledon 
and  other  subsequently  developed  leaves,  on  its  summit,  and  bearing  adven- 
titious roots  of  exogenous  origin  at  its  base:  the  proper  primary  stem  is 
eventually  developed  at  the  summit  of  the  protooorm. 

Nothing  is  known  of  the  embryogeny  of  Phylloglossum. 

Vegetative  Propagation,  In  the  creeping  forms,  as  the  main  stems  die  off  the 
younger  branches  become  independent  and  constitute  new  individuals.  In 
some  species  there  are  gemmee,  as  in  L.  Selago,  where  they  are  borne  on  the 
stem,  and  are  modified  leafy  branches;  and  as  in  L.  cernuum,  where  they  are 
small  tubercles,  closely  resembling  the  tuberous  embryonic  protooorm,  and  are 
borne  on  the  roots. 

Thb  Gametophttx.  In  so  far  as  the  gametophyte  has  been  investigated,  it 
is  a  monoecious  prothallium,  either  containing  chlorophyll  {L,  inundatum  and 
eernuum)t  or  destitute  of  chlorophyll  (L.  annotinum  and  Phlegmaria)  and  sapro- 
phytic.   The  gametophyte  of  Phylloglossum  is  unknown. 

The  contents  of  the  germinating  spore  (in  L.  inundatum)  undergo  division 
into  two  cells:  of  these  the  one,  the  hypobasal  cell,  representing  the  root- 
portion  of  the  gametophyte,  contains  no  chlorophyll,  and  merely  grows  some- 
what without  undergoing  division:  the  other,  epibasal,  contains  ehlorophyll 
and,  lupturing  the  exospore,  grows  and  divides  to  form  the  shoot  of  the  game- 
tophyte, the  further  development  of  which  is  effected  for  a  time  by  an  apical 
cell,  and  subsequently  by  marginal  growth. 

The  morphology  of  the  prothallium  offers  considerable  variety.  In  L.  inun- 
datum and  cernuum  the  prothallium  is  tuberous  (see  Fig.  276) ;  its  base  is  em- 
bedded in  the  soil,  and  bears  root-hairs ;  its  apex  projects  above  the  surface 
and  bears  a  tuft  of  green  leafy  lobes :  the  sexual  organs  are  developed  in  a  zone 
from  a  layer  of  tissue  which  long  remains  merismatio  and  which  is  situated  just 
below  the  apical  tuft  of  lobes ;  occasionally  some  antheridia  are  developed  on 
the  lobes.  In  L.  annotinum  the  prothallium  is  also  tuberous  :  it  is  somewhat 
ovoid  in  form,  bearing  root-hairs  on  its  lower  surface,  and  reproductive  organs 
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on  the  discoid  central  region  of  the  upper  snrfaoe.  Whilst  in  the  foregoing 
cases  tbe  prothalliam  is  very  small  and  simple,  in  L,  PhUgmaria  and  some 
other  species  (L.  earinatum  and  HippurU)  it  is  considerablj  larger  and  more 
complex.  It  consists  here  of  a  cylindrical,  monopodially-branched  body,  with 
apical  growing-points  similar  in  stractnre  to  those  of  the  sporophyte.  The 
'superficial  layer  of  cells,  representing  an  epidermis,  gives  rise  to  a  number  of 
root-hairs.  The  sexual  organs  are  developed  on  special  branches,  gametophorti^ 
though  antheridia  sometimes  occur  on  the  vegetntive  branches ;  the  gameto- 
phores  are  shorter  and  thicker  than  the  vegetative  branches,  sometimes  even 
tuberous,  and  bear  the  sexual  organs  on  the  upper  surface  sarrounded  by  stout 
multicellular  bairs,  paraphyse$. 

The  male  organ»y  antheridia,  are  sunk  in  the  tissue  of  the  prothallinm :  they 
resemble  those  of  the  Eusporangiate  Filioinie.  Their  development  precedes  that 
of  the  female  organs. 

The  male  cells,  spermatozoids,  are  oval  in  shape,  and  have  two  cilia :  a  vesicle 
is  extruded  from  the  mother-cell  together  with  the  spermatozoid,  as  in  the  FilicinsB. 

The  female  organt,  archegonia,  have  short  necks  whi<^  project  but  little 
above  the  surface  of  the  prothallium.  They  have  the  structure  usual  among 
Pteridophyta :  in  L.  Phlegniaria  there  are  generally  several  neok-canal-cells. 

The  female  cell,  oosphere,  requires  no  special  description. 

In  consequence  of  its  position  and  of  its  mode  of  development,  the  embryo  is 
forced  downwards  into  the  tissue  of  the  fleshy  prothallium,  being  anchored,  as 
it  were,  at  one  eud  by  the  suspensor.  As  it  grows  it  destroys  the  cells  of  the 
prothallium  with  which  it  comes  into  contact,  and  absorbs  tbe  nutritive  sub- 
stances stored  in  these  cells  by  means  of  the  so-called  foot,  the  superficial  cells 
of  which  grow  out  into  short  papillsa.  In  its  further  growth  the  embryo  becomes 
more  and  more  curved  until  it  regains  the  surface  of  the  prothallium  and  pro- 
jects. In  L,  PhUgmaria  the  embryo  remains  for  eome  time  enclosed  in  a  sac, 
tbe  calyptra,  formed  by  active  growth  of  the  protballial  tissue. 

The  life  of  the  prothallium  is  short  and  closes,  in  most  cases,  with  the 
development  of  an  embryo  from  the  oospore,  but  in  L.  PhUgmaria  it  seems  to 
persist  from  one  season  to  another.  lu  the  latter  species  the  prothallia  are 
multiplied  vegetatively  by  the  isolation  of  branches,  as  also  by  small  multicellular 
bulbils. 

A  remarkable  biological  feature  is  the  constant  association  of  a  Fungns 
(probablj  a  Pythiam)  with  the  prothallia,  as  also  with  the  embryo,  of  L,  cemuwu 
and  inundatum. 

Order  2.  Psilotaceas.  This  order  consists  of  the  two  genera  Psilotum  and 
Tmesipteris ;  of  these  the  former  is  widely  distributed  in  the  tropics ;  the 
latter  is  confined  to  Australia,  New  Zealand,  and  Polynesia,  and  lives  epi- 
phytically,  and  perhaps  parasitically,  on  the  trunks  of  Tree-Ferns. 

Thb  Spobophtte.  The  most  striking  feature  in  the  morphology  of  these  plants 
is  the  total  absence  of  roots,  the  functions  of  these  organs  being  performed  by 
specially  adapted  stem-branches  bearing  minute  scale-leaves,  and  covered  with 
root-hairs. 

The  stem.  In  Psilotum  the  subterranean  shoots  have  unlimited  apical  growth : 
they  are  much  branched,  apparently  dichotomously,  but  it  seems  probable  that 
the  branching  is  really  lateral.    Tue  subaerial  shoots  generally  arise  as  lateral 
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braoohes  on  the  snbtf  rranean  shoots :  they  have  limited  apical  "growth ;  they 
are  branched,  the  mode  of  branching  being  probably  the  same  as  that  of  the 
subterranean  shoots ;  and  they  bear  small  scattered  leaves. 

The  stem  of  Tmesipteris  appears  to  agree  in  all  essential  morphological  points 
with  that  of  Psilotom ;  but  with  this  conspicnons  difference,  that  it  is  much  less 
branched. 

^  The  leaves.  In  both  genera  the  leaves  of  the  snbaerial  shoots  are  of  two 
kinds.  In  Psilotnm  the  vegetative  leaves  are  minote  scales,  whereas  in 
Tmesipteris  they  are  relatively  well- developed  as  foliage-leaves :  they  are  simple 
and  sessile.  The  tporophyUs^  on  the  contrary,  are  petiolate  and  bilobed  in  both 
genera,  a  single  sporangium  being  borne  on  the  upper  surface  of  each  sporophyll 
just  at  the  junction  of  the  bases  of  the  two  lobes :  they  are  not  borne  in  cones. 

The  sporangia  are  synangia  (p.  S75) ;  that  is,  they  are  not  unilocular,  but 
multilocular  capsules :  in  Psilotnm  the  synangium  is  generally  trilocular  (some- 
times 2-4  looular),  in  Tmesipteris  bilocular.  Each  loculus  opens  by  a 
longitudinal  slit.  The  origin  of  the  arohcHporium  has  not  been  fully  traced  : 
but  it  appears  probable  that  it  consists  primarily  of  a  layer  of  cells,  some  of 
which  become  the  mother-cells  of  the  spores,  whilst  the  rest  are  sterile  and  form 
the  tissue  of  the  walls  separating  the  loculi. 

The  epores  are  developed  in  tetrads  from  the  mother-cells ;  bilaterally,  as  in 
Tmesipteris ;  or  either  bilaterally  or  tetrahedrally,  as  in  Psilotum.  They  have 
the  typical  structure. 

General  Hutology.  The  shoots  of  both  genera  are  monostelic.  The  arrange- 
ment of  the  bundles  is  radial,  much  as  in  Lycopodinm ;  bat  the  number  of  the 
bundles  is  generally  smaller,  especially  in  the  subterranean  shoots  where  there 
may  be  only  two  protoxylem-bundles.  There  is  no  secondary  growth  in 
thickness.  The  growth  in  length  of  the  shoots  is  effected  by  an  apical  growing- 
point  which,  when  the  shoot  is  quite  young,  consists  of  small-celled  meristem  ; 
but  in  which  i^  three-sided  pyramidal  apical  cell  can  in  certain  cases 
(subterranean  shoots  of  Psilotum)  be  detected  at  a  later  stage. 

The  leaves  have  a  midrib  with  a  single  handle,  whiou  is,  however,  very 
rudimentary  in  Psilotum  triquetruin. 

VegettUive  propagation  takes  place  in  Psilotom  by  means  of  gemm«, 
developed  on  the  rhizomes,  consisting  of  a  single  layer  of  cells,  ovoid  and 
flattened  in  form. 

The  Gametoputcb.  No  observations  have  as  yet  been  made  on  the  gameto- 
phyte  of  either  genus,  and  consequently  the  embryogeny  of  the  sporophyte  is 
also  unknown. 

SUB-CLASS  HETE^OSPOBE^. 

Orders.  Selaginellaceas.  This  order  consists  of  the  single  genus  Selag- 
inella,  of  which  the  numerous  species  are  very  widely  distributed,  but  only  one, 
5.  spinota  (telaginoides),  is  British. 

Thb  Spobophttk.  The  primary  utem  is  slender  and  elongated,  erect,  or  more 
commonly  procumbent;  its  symmetry  is  bilateral,  isobilateral  when  erect, 
dorsiventral  when  procumbent ;  the  branches  spring  from  the  flanks  of  the 
primarj  stem,  and,  as  this  is  subsequently  repeated,  the  resulting  branch-system 
lies  in  one  plane ;  the  mode  of  branching  is  lateral,  though  it  appears  to  be 
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dichotoraoDS.      In  some  few  spedes,  howoTer,    the  branches  ha7e   radial 
symmetry  {e.g,  S,  apinosa). 

At  the  points  at  which  the  normal  branching  takes  place,  leafless  branches, . 
termed  rhizophorett  are  in  some  species  developed  in  a  plane  at  right  angles  to 
that  of  the  normal  branching ;  thus  in  S.  Krautnana  they  arise  singly  on  the 
upper  snrfaoe  of  the  stem  at  the  points  of  normal  branching,  whilst  in  S. 
Marteruii  two  are  developed  at  each  such  point,  one  on  the  npper  and  one  on 
the  lower  snrfaoe.  The  direction  of  growth  of  the  rhizophore  is  snoh  that  the 
apex  eventually  penetrates  into  the  soil,  ijvhen  roots  arise  from  it  and  it  ceases 
to  grow. 

These  organs  have  been  regarded  as  roots,  and  are  sometimes  so  designated 
still.  Bat  in  view  of  the  important  morphological  facts  that  the  rhizophore  is 
of  exogenous  origin  like  the  leafy  branches ;  that  it  has  no  root-cap,  whilst  the 
true  roots  of  Selaginella  have  one  ;  and  finally,  that  sometimes  a  rhizophore  will 
develope  leaves  and  even  cones,  the  probability  is  that  they  are  modified 
branches  comparable  with  the  root-like  branches  of  the  Psilotacese. 

The  leaves  can  be  readily  distinguished  as  either  foliage-leaves  or  sporo- 
phylls.  A  characteristic  feature  in  their  morphology  is  the  development  of  a 
small  ligule  on  the  upper  surface  of  each  leaf  near  its  base. 

The  foliage-leaves  are  simple,  small,  sessile,  and  rather  numerous.    Those 
borne  on  the  radial    brauehes  are  all  alike,  and  are  arranged  spirally ;  the 
bilateral  branches  show  remarkable  heterophylly,  there  being  leaves  of  two 
sizes  in  decussate  pairs,  each  pair  con- 
sisting of  one  large  and  one  small  leaf ; 
when  the  branch  bearing  these  two  kinds 
of  leaves  is  dorsiventral,  the  four  rows  of 
leaves  show  displacement  with  the  result 
that  the  two  rows  of  small   leaves  are 
borne  on  the  upper  surface  of  the  branch, 
and  the  two  rows  of   larger  leaves  are 
borne  infero-laterally  (Fig.  277). 

The  sporophylls  are  generally  collected 
into  more  or  less  distinct  cone-like  flowers; 
they  do  not  differ  materially  from  the 
foliage-leaves,  and,  like  them,  may  be  all 
of  one  size  or  of  two  sizes.  Fie.  277.— S«laffin«Utt  helvttiea  (nat. 

The  sporangia  are  shortly  stalked  and      •i«o) :  •  the  upright  fertUe  shoot,  with 

unilocular;  they  arise  singly  from  a  group       "Porangia.  in  the  axlU  of  the  leaves. 

M  i*  •  1      11      « XI.      X         'XL  On  the  pr3oambent  »terile  sboots,  the 

Of  superficial  cells  of  the  stem  just  above      ^^^^  J,^^^  ^^^^,  ^^^  ^„j  ^  1^^^, 

the  insertion  of  each  sporophyll ;  the  wall,       than  ttiose  on  the  upper  side  (o). 

when  mature,  consists  of  two  layers  of 

cells ;  the  archesporium  probably  consists  of  a  single  row  of  cells,  and  is  entirely 

sporogenous. 

There  are  two  kinds  of  sporangia,  macrosporangia  and  microsporangia, 
distinguished  by  the  kind  of  spores  which  they  produce,  and  by  their  size. 
The  macrosporangia  each  give  rise  to  generally  four  (sometimes  2  or  8)  relatively 
large  macrospores  ;  the  microsporangia  each  give  rise  to  a  considerable  number 
of  microsppres. 
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The  relative  distribution  of  the  two  kinds  of  sporangia  presents  some  vitria- 
tion.  As  a  rule  both  kinds  of  sporangia  are  present  in  the  same  cone,  so  thut 
it  may  be  described  as  consisting  of  microsporophylls  and  macrosporophylls ; 
in  this  case  there  maj  be  several  maorosporophylls  at  the  lower  part  of  the 
cone,  or  only  a  single  one. 

The  tpore*  are  developed  in  fonrs  from  the  mother-cells  resulting  from  the 
growth  and  mnltiplication  of  the  archesporial  cells.  They  are  developed 
tetrahedrally :  bat  in  the  macrosporangium  asnally  only  one  of  the  mother- 
cells  undergoes  division  to  form  spores.  The  structare  of  the  spores  is 
normal. 

The  roots  are  all  adventitions  and  endogenous.  In  some  species  {^.fj, 
S,  cuspidata  and  Wildeitovii)  they  spring  directly  from  the  lower  surface  of  the 

stem  at  the  points 
where  branching 
takes  place.  In  other 
{e.g.  S.  Martetuii  and 
Kran$siana)  cases 
they  spring  from 
near  the  apex  of  the 
rhizophores  after  the 
rhizophores  have 
reached  and  entered 
the  soil.  The  roots 
branch      monopodi- 

General  Histology. 
The  stem  is,  in  Pome 
species  {S.  spinulosa 
and  dentieulata)  mo- 
nostelic,  but  in  most 
species    it   is   polj- 
stelic  (two  or  three). 
The   epidermal  and 
the         fundamental 
tissue    of  the    stem 
is  prosenchymatous, 
without  intercellular 
spaces.      In    corre- 
lation with  this  each 
stele   is   suspended, 
by  delicate  trabecular 
cells  developed  from 
the    endodermis,  in 
an  air-chamber:  each  vascular  bundle  going  to  a  leaf  is  in  a  similar  chamber 
which  communicates  in  the  lamina  with  the  external  air  through  the  stomata. 
Each  stele  is  surrounded,  towards  the  air-chamber,  by  a  perioycle  consisting  of 
one  or  sometimes  two  layers  of  cells.    The  stele  is  diarch,  or  polyaroh,  circular 
or  oval  in  transversa  section,  the  wood-bundles  joining  in  the  centre. 


Fee.  278.— Prothallinm  and  embryo  of  Stlagintlla  Martensii 
(x  ^«)S:  after  Pf offer):  s  coat  of  macrospore  ;  p  prothallium  ; 
a  arcn«>flronium ;  d-d  diaphragm ;  end  BO-cftUed  endosperm  t  B 
an  embrjo  (there  is  a  smaller  one  to  the  right):  s  snspensor ; 
c  0  developing  cotyledons;  at  stem ;  r  origin  of  the  root;  /  so- 
called  foot. 


Digitized  by 


Google 


GROUP  III. — PTERIDOPHYTA  :   LYCOPODINi.  429 

Bhizophore  and  root  are  both  monostelio,  and  without  air-chambers:  the 
stele  IB  monarch. 

The  bandies  are  all  closed ;  there  is  no  secondary  growth  in  thickness. 

The  leaves  are  very  simple  in  structure :  they  have  a  midrib  with  a  single 
vascular  bundle :  the  epidermal  cells  contain  chloroplastids  which,  like  those  in 
the  other  cells,  are  large  and  are  present  in  small  numbers  (sometimes  only  one) 
in  the  cells.  The  stomata  are  usually  confined  to  the  under  surface,  on  the 
sides  of  the  midrib. 

The  growth  in  length  of  the  stem  is  effected  by  an  apical  growing- point  which 
has,  in  some  species  {e.g.  5.  Martemii)  a  two-sided  or  three-sided  apical  cell, 
whilst  in  others  {e.g.  S.  Lyalli,  Pervillei,  etc.)  it  consists  of  small -celled  stratified 
meristem.    The  structure  of  the  growing-point  of  the  rhizophore  agrees  with 


Fffl.  270.— Bmbryogeny  of  SelagineUa  Marteiuii  (after  Pfeffer).  Two  isolated  embryos  at 
different  stages.  A  Younger  embryo  (x  610)  B  older  ( x  166):  t  suspensor;  e^  «•  cotyledons j 
st  stem ;  I  young  foliage-leaves ;  hyp  hypocotyl ;  r  root ;  /  so  called  foot. 

that  of  the  stem  in  the  various  species :  but  the  apical  cell,  when  present,  is  a 
four-sided  pyramid  at  first,  becoming  eventually  two-sided.  The  growing- 
point  of  the  root  has  a  tetrahedral  apical  cell. 

Emhryogeay  of  the  SporophyU.  The  embryogeny  of  Selaginella  closely  re- 
sembles that  of  Lycopodium.  The  oospore  undergoes  division,  a  transverse 
basal  wall  being  formed:  the  upper  or  h^-pobasal  cell  developes  into  a  uni- 
cellular or  few-celled  suspensor  which  is  homologous  with  the  foot  in  the 
Bryophyta :  the  lower  or  epibasal  cell  appears  to  undergo  division  into  four 
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octants,  which  eventaally  form  two  tiers  of  cells :  from  the  basal  tier  of  cells 
the  hypocotyl  is  developed ;  from  the  apical  tier  the  growiDg-point  of  the  stem 
and  those  of  the  two  cotyledons.  The  hypocotyl  elongates,  and  curves  so  as  to 
escape  from  the  prothallium  and  the  spore ;  the  convexity  of  Che  curve  becomes 
somewhat  protuberant  and  is  nsually  (but  erroneously)  termed  the  **  foot,**  though 
it  doubtless  acts  as  an  organ  of  absorption ;  morphologically  it  cannot  be  a  foot 
since  it  i»  epibasal  in  origin ;  it  would  more  appropriately  be  termed  a  feeder 
(p.  14).  The  first  root  eventually  springs,  endogenously  and  adventitiouriy,  from 
the  posterior  portion  of  the  convex  surface  of  the  hypocotyl;  it  is  not  a  true 
primary  root  because  it  is  epibasal  in  origin* 

The  Gametophytb. 

Selaginella  being  heterosporous,  the  gametophyte-generation  is  represented 
by  distinct  male  and  female  individuals,  which  are  rodimentr^ry  prothallia 
bearing  the  male  and  female  organs  respectively. 

The  tnale  protJiallium  is  developed  inside  the  microspore :  the  germination  of 
the  spore  begins  with  the  formation  of  a  wall  across  the  pointed  apical  end  of 
the  spore,  cutting  o£F  a  small  cell,  the  vegetative  cell :  the  rest  of  the  spore  goes 
to  form  the  single  antJieridium  which  consists  of  a  layer  of  parietal  cells  enclos- 
ing the  mother-cells  of  the  spermatozoids.  When  the  development  of  the 
spermatozoids  is  completed,  the  coats  of  the  microspore  burst,  as  also  the  wall 
of  the  antheridium,  and  the  spermatozoids  are  set  free. 

The  male  celU  or  spermatozoids  consist  of  a  somewhat  club-shaped  slightly 
twisted  body,  bearing  two  cilia  at  its  pointed  anterior  end. 

The  female  prothallium  is  developed  inside  the  macrospore  (Fig.  278) :  ger- 
mination begins  with  the  formation  of  a  wall,  termed  the  diaphragm,  across  the 
apical  end  of  the  macrospore :  in  the  smaller  upper  cell  thus  cut  o£F  cell-division 
proceeds,  resulting  in  the  formation  of  the  meniscus-shaped  prothallium  con- 
sisting of  compact  small-celled  tissue  :  the  larger  portion  of  the  spore,  below 
the  diaphragm,  is  rich  in  reserve  materials :  here  cell-formation  goes  on  but 
slowly,  a  large-celled  loose  tissue  (sometimes  called  endosperm)  being  produced 
which  serves  to  nourish  the  embryo  which  is  forced  down  into  it  by  the  elon- 
gation of  the  suppensor. 

The  walls  of  the  spore  eventually  split  along  the  angles,  thus  forming  an 
apical  aperture  by  means  of  which  the  upper  surface  of  the  prothallium,  which 
now  becomes  green,  is  exposed. 

The  female  organ  or  archegonium  is  developed  from  a  single  superficial  cell 
at  the  centre  of  the  upper  surface  of  the  prothallium  (here  several  cells  thick) ; 
it  does  not  call  for  any  special  description :  if  the  first  archegonium  fails  to  be- 
come fertilised,  others  may  be  subsequently  formed. 

The  female  cell  or  oosphere  is  contained  in  the  venter  of  the  archegonium. 
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GROUP  IV. 

PHANEBOGAMIA  (ob  SPEBMAPHYTA). 

These  are  all  hefcerosporoud  plants,  having  a  definite  alternation 
of  generations,  which  is,  however,  not  readily  perceived  on  account 
of  the  great  redaction  of  the  sexnal  generation,  and  of  the  fact 
that  the  female  gametophjte  remains  enclosed  in  the  macrospore, 
that  the  macrospore  remains  enclosed  in  the  macrosporangiam, 
and  that  the  macrosporangiam  remains  for  a  long  time  attached 
to  the  sporophyte,  the  resalt  being  the  development  of  a  seed 
which  constitutes  a  characteristic  feature  of  the  group  (see  p.  217). 

A.  The  Sporophyte.    As  in  the  Pteridophyta,  so  here,  the  plant 
itself  is  the  sporophyte  or  asexual  generation. 

It  is  unnecessary  to  go  into  detail  at  present  with  regard  to  the 
morphology  of  the  vegetative 
organs;  full  information  is 
given  in  the  section  on  General 
Morphology,  and  subsequent- 
ly in  the  description  of  the 
classes  and  orders. 

The  Reproductive  Organs  of 
the  sporophyte  are  sporangia 
of  two  kinds,  microsporangia 
and  macrosporangia,  which 
are  usually  borne  on  sporo* 
phylls,  but  sometimes  directly 
on  the  axis :  the  modified 
shoots  bearing  the  sporangia 
constitute  flowers  \  and  they 
usually    bear,  in  addition   to     a.^:. 'l^^^T^  "^^LTfZrro; 

the    Sporophylls,    other    fioral       stamen;  a  anther  with  two  poUen.«ac8  in  each 
leaves     (hypsophylls,     see     p.       b»lf  wWch  are  opened,  showing  the  pollen- 
V    J  f     r    J       »  V        grains  (pX    These  fall  on  the  stigma,  and  the 

/y),    protective    or   attractive       poUen.tobe  (p»)  penetrates  the  style  (9)  as 
in    function,    some    of     which       far  as  the  cavity  of  the  ovary  (F),  reaching 
„  ,,.     ,  .        ,  the  ovule  (S);  i  the  integument  of  the  ovule; 

usually  constitute  a  perianth.       ^  the  embiyo-sac.    M  The  oosphere. 

The  flowering  shoot  consti- 
tutes an  inflorescence^  which  may  consist  of  one  or  many  flowers, 
according  to  the  extent  to  which  the  shoot  branches. 

The  Flower  (see  p.  76)  is  a  sporangium-bearing  shoot  or  sporo- 
phore  with  usually  undeveloped  or  feebly  developed  internodes, 

V.  s.  B.  F  F 
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SO  that  the  sporophylls  and  hypsophylls  which  it  bears  are  closely 
aggregated  together.     Most  commonly  the  flower  is  ambisporan- 
giate  (monoclinoas,  or  hermaphrodite),  but  it  is  frequently  mono- 
sporangiate  (unisexual)  :  in  the  latter  case  there  are  two  kinds  of 
flowers,  microsporangiate  and  raacrosporangiate,  which  may  be 
borne  by  the  same  individual,  when  they  are  said  to  be  diclinous 
and  monoecious;   or  by  two  distinct  individuals,  when  they  are 
dicecious  (see  p.  86).     Occasionally  the  same  plant  produces  both 
ambisporangiate  and  monosporangiate  flowers,  when  it  is  said  to 
be   polygamous.      The   microsporangiate   flowers    are   frequently 
termed  staminate,   and   the   macrosporangiate   flowers    carpellary 
(p.  78) :   the  former  are  indicated  by  the  sign  ^ ,  the  latter  by 
the  sign  ? ,  and  ambisporangiate  flowers  by  the  sign  J .     In  the 
Gymnosperms  the  flower  is  always  monospoi-angiate ;  in  the  An- 
giosperms  it  is  generally,  though  by  no  means  always,  ambispor- 
angiate.   The  flower 
of  the  Gymnosperms 
^         is  nearly  always  de- 
^        stitute  of  a  perianth. 
The   special  mor- 
phology of  the  Peri- 
I  anth    is   dealt   with 

P^  under  the  Angio- 
spermsB,  in  which 
class   it   attains    its 

Fio.  281.— Transverse  section  of  a  yoong  anther  of  Sam-  hiirhest  develop- 

hueua  rae0mo$a  (x80):  c  the  connective  with  the  vascular 

bundle ;  p§  the  fonr  pollen-sacs  (microsporangia) ;  p  the  ment. 

mother-cells  of  the  pollen;  t  tapetal  layer;  v  the  wall  of  The       SporophyUs 

the  pollen- sac  •  ^    x  i.*    j 

are    of    two  kmds: 

microsporophylU,  otherwise  known   as  stamens;    and   macrosporo- 

phylls,  otherwise  known  as  carpels :    the  former  bear  exclusively 

microsporangia,   the    latter    exclusively    macrosporangia.      The 

sporophylls  present  considerable  variety  of  form,  and  are  on  the 

whole  more  highly  specialised  than  in  any  of  the  Pteridophyta. 

The  microsporophyll,  or  stamen  (see  p.  78),  in  its  most  highly 

specialised  form,  consists  of  a  stalk  of  varying  length,  the  filament, 

bearing  a  terminal  structure,  the  anther,  which  is  a  sorus  of  one 

or  more  microsporangia  embedded  in  more  or  less  placental  tissue. 

In  the  less  highly  organised  Phanerogams  (e.^.most  Gymnosperms), 

the  microsporophylls  are   morphologically   simpler,   having   the 

general  character  of  sessile  or  shortly-stalked  scaly  leaves. 
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The  mdcrosporophylly  or  carpel,  bears  (usually)  inaorosporaugia 
(see  p.  78).  In  the  An^os perms  the  carpel,  either  by  itself  or  by 
cohesion  with  others,  forms  a  closed  cavity,  the  ovary,  which  is 
frequently  prolonged  at  its  apex  into  a  longer  or  shorter  process, 
the  style,  bearing  at  its  summit  a  glandular  surface,  the  stigma: 
sometimes  the  stjle  is  absent,  so  that  the  stigma  is  sessile  on  the 
ovary;  within  the  ovary  the  macros porangia  are  developed.  In 
the  Gymnosperms,  the  macrosporopbylls  (when  present)  do  not 
cohere,  either  individually  or  several  together;  so  that  in  this 
group  there  is  no  ovary,  style,  or  stigma ;  they  are  thus  distin- 
guished from  the  Angiosperms,  in  which  there  is  always  an 
ovary. 

The  Sporangia  are  of  two  kinds;  microsporangia  or  polleri'Sa^, 
and  macrosporanyia  or  ovules.  The  development  of  the  sporangium 
is,  in  both,  eusporangiate  (see  p.  73).  The  sporangia  are,  as  a 
rule,  borne  on  the  sporopbylls ;  but  in  some  few  cases  (e.g.  micro- 
sporangia  of  Naias,  Casnarina;  macrosporangia  of  Taxus,  Poly- 
gonum, Primulaceae,  etc.)  they  are  borne  on  the  axis. 

The  microsporanyia,  or  pollen-sacs,  may  be  developed  either 
singly  or  in  a  sorus  of  two  or  more ;  they  may  be  very  numerous 
on  the  sporophyll,  as  in  the  Cycadaceae.  When  borne  on  the 
sporophylls,  they  are  developed  on  the  lower  (dorsal)  surface  of 
the  microsporophyll  in  the  lower  forms  (e.g.  Cycadaceee,  Coniferee) ; 
whereas  in  the  Angiosperms  they  are  usually  developed  both  on 
the  upper  (ventral)  and  the  lower  surfaces. 

The  microsporangia  either  project  freely  or  are  embedded  in  the 
placental  tissue  of  the  member  besonng  them.  The  multicellular 
hypodermal  archesporinm  is  either  a  row  or  a  layer  of  cells.  The 
archesporial  cells  undergo,  as  a  rule,  division,  giving  rise  to  the 
sporogenous  cells  together  with  a  more  or  less  extensive  transitory 
layer  of  investing  cells,  the  tapetum,  which  is  eventually  dis- 
organised. 

The  micros porangium  is,  as  a  rule,  unilocular;  but  in  a  few 
Angiosperms  some  of  the  sporogenous  cells  are  sterile  and,  instead 
of  giving  rise  to  spores,  constitute  walls  which  render  the  micro- 
sporangium  multilocular.  The  septa  are  either  transverse,  so  that 
the  loculi  are  in  a  vertical  row  (e.g.  species  of  Mimosese ;  also  some 
Onagraceae,  such  as  Circasa,  Gaura,  Clarkia)  ;  or  both  transverse 
and  longitudinal,  as  in  Bhizophora  and  Yiscum. 

The  microsporangium  eventually  dehisces,  generally  by  a  longi- 
tudinal  slit,  less  commonly  by  a  transverse   slit  or  by  a  pore. 
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The  dehiscence  ia  mainly  effected  by  a  layer  of  tracheidal  cells, 
differentiated  as  part  of  the  wall,  which  are  highly  hygroscopic. 

The  mici'ospores,  or  pollen-grains,  are  dereloped  from  the  sporo- 
genous  mother-cells  of  the  sporangium.  As  a  rale  each  mother-cell 
divides  so  as  to  give  rise  to  four  microspores,  all  of  which  develope. 
As  a  rule,  also,  the  microspores  eventually  become  quite  free  from 
each  other,  but  to  this  there  are  exceptions :  thus,  in  the  MimosesB, 
while  the  pollen-grains '  are  isolated  in  some  species,  in  other 
species  they  cohere  in  groups  of  4,  8,  12,  16,  or  32,  derived  from 
one,  two,  three,  or  more  mother-cells ;  again,  in  the  Orchidacese, 
whilst  Cypripedinm  has  isolated  pollen-grains,  in  most  genera  the 
pollen-grains  are  in  groups  of  four  (tetrads),  and  cohere  into  a 
mass  (or  2-8  masses),  the  polUnium^  of  varying  consistence  (sec 
Orchidacese) :  pollinia  also  occur  in  the  Asclepiadacese. 

The  microspore  has,  as  a  rule,  the  ordinary  structure  of  a  spore 

(see  p.  69) ;  it  is  a  nucleated 
cell,  with  a  certain  amount 
of  granular  nutritive  mate- 
rial in  its  cytoplasm,  and 
has  two  coats,  an  intine  and 
an  exine,  the  structure  of 


the  latter  being  elaborate 
in  many  cases.  The  spore 
has  not,  however,  always 
two  coats.  In  some  plants 
there  is  no  exine,  and  only 
Fig.  283.— ii  PoUen-grain  of  CueurhUa  Ptpo,     a  single  thin  coat,  as  in  the 

Bhowing  the  Ud-like  areas  through  which  the       ^ells  of  the  pollinia  of   Or- 

pollen-tabes  will  protrude  (x  310).    B  Section  of  .  jai      -j 

one  of  these  areas  (X  640:  after  Strasborger).  chlds    and    Asclepiads,  and 

in  certain  plants  whose 
flowers  develope  under  water,  such  as  certain  Naiadaceaa  (Zos- 
tera,  Posidonia,  Cymodocea,  Naias),  in  Halophila  (Hydrochari- 
dacete),  and  in  some  species  of  Callitriche.  In  others,  again, 
there  is  but  one  coat,  but  it  is  thick  and  is  cuticularised  externally 
(e.g.  Senecio),  or  the  two  coats  are  only  distinguishable  at  those 
points  at  which  the  pollen-tubes  will  be  eventually  protruded  (e.g. 
OnagraceaB,  Cobaea). 

The  exine  is  frequently  highly  differentiated  with  special  refer- 
ence to  the  protrusion  of  the  pollen- tubes :  it  may  be  porous  (e.g. 
Malvaceae,  Fig.  283)  ;  or  there  may  be  thin  areas  at  certain  points ; 
or  (Onagraceee)  much-thickened  areas  where  the  pollen-tubes  are 
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eventually  developed;  or,  again,  areas  are  marked  off  here  and 
there  which  come  off  like  lids  under  the  pressure  of  the  developing 
poUen-tabe  (Fig.  282). 

The  development  of  the  microspores  has  already  been  dealt 
with  in  general  (see  p.  125),  so  that  it  will  be  only  necessary 
here  to  mention  certain  special  points.  In  the  first  place  there 
is  an  exception  to  the  rule  that  each  mother-c^ll  gives  rise  to 
four  microspores;  in  Asclepiafi  each  mother-cell  developes  directly, 
without  division,  into  a  cell  of  the  pollinium,  each  such  cell 
being,  at   any  rate  physiologically,  equivalent  to  a  micix)8pore ; 


3 


Fig.  293.— Pollen-grains  of  Malva  triipn..  A  Grain  seen  from  surface ;  B  section  of  wall, 
showing  the  exine  with  its  alternate  spines  and  pores,  the  latter  closed  internally  by  the 
delicate  innermost  layer  of  the  exine ;  C  germinating  pollen-grain  with  pollen-tabes;  D  the 
same  in  section,  showing  the  protmsion  of  the  pollen-tubes  through  the  pores.  (A,  B,  D 
x640;  Cx  240:  after  Strasburger.) 

apparently  the  same  is  the  case  in  Zostera  where,  however,  the 
microspores  are  isolated.  The  mother-cells  of  the  microspores 
either  remain  coherent,  during  the  development  of  the  microspores, 
or  (as  in  many  Monocotyledons)  they  become  free  and  float  in 
the  granular  fluid,  derived  from  the  disorganisation  of  the  tapetum, 
which  fills  the  pollen- sac.  The  walls  of  the  mother-oells  usually 
become  very  much  thickened,  especially  in  the  planes  of  the  futui»e 
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divisions.  The  division  of  the  mother-cell  la  either  successive 
(Monocotyledons,  Cycads),  or  simultaneous  (most  Dicotyledons 
and  Conifers)  ;  in  the  former  case  the  microspoi'es  are  usually 
bilateral,  in  the  latter  tetrahedral.  The  form  of  the  mature 
microspore  varies  widely ;  it  may  be  spherical,  etc. ;  in  plants  in 
which  pollination  takes  place  under  water,  the  microspore  be- 
comes elongated  and  filiform  (e.g,  Zostera,  Posidonia,  Cymodocea, 
and  to  some  extent  also  in  Naias),  and  in  Halophila  the  microspores 
are  aggregated  into  filaments. 

In  some  cases  the  germination  of  the  pollen-grain  begins  before 
it  is  set  free  from  the  dehisced  pollen- sac,  so  that  it  consists  of 
two  (sometimes  more  in  Gymnosperms)  cells  at  the  time  of 
pollination. 

The  macrosporangiaj  or  ovules,  are  developed  singly,  or  in  pairs, 
or  more  commonly  several  together,  from  a  more  or  less  well- 
developed  cushion  of  tissue,  the  placenta*  When  the  ovules  are 
borne  on  sporophylls,  the  placenta  is  either  marginal,  or,  less 
commonly,  it  is  ventral,  including  the  whole  of  the  upper  or  inner 
surface  of  the  carpel  with,  sometimes,  the  exception  of  the  mid- 
rib (e.g,  Butomus,  Nympheea).  When  the  ovules  are  borne  on 
the  axis,  they  are  either  terminal  (e.g.  Taxus,  Polygonum)  or 
lateral  (e.g.  PHmulacese,  Composites). 

The  macrosporangium,  like  the  microsporangium,  makes  its 
appearance  as  a  small  cellular  prominence  on  the  surface  of  the 
organ  which  bears  it,  formed  by  the  division  of  a  group  of 
hypodermal  cells ;  it  is  covered  at  the  surface  by  an  epidermal 
layer  which  usually  remains  single,  though  in  some  cases  (e.g. 
Gymnosperms,  Delphinium,  Helianthemum,  Rosaceie,  Iris  Pseuda- 
corns)  the  epidermal  cells  undergo  repeated  periclinal  divisions  and 
thus  add  considerably  to  the  bulk  of  the  micropylar  portion  of 
the  nucellus. 

The  macrosporangium  proper  (sometimes  distinguished  as  the 
nucellus)  is  invested  by  one  or  two  coats,  which  grow  up  from  the 
base,  but  do  not  completely  close  over  the  apex,  leaving  there  a 
narrow  channel  termed  the  micropyle ;  the  base  of  the  macro- 
sporangium, where  the  coats  and  the  tissue  of  the  sporangium 
proper  become  indistinguishable,  is  termed  the  chalaza.  The 
coats  of  the  ovule  in  Phanerogams  are  the  morphological  equivalent 
of  the  indusium  in  the  Pteridophyta,  though,  in  the  former  the 
sorus  consists  of  a  single  macrosporangium;  but  this  is  also  the 
case  in  Azolla,  Isoetes,  etc.,  among  the  Pteridophyta. 


Digitized  by 


Google 


•     GROUP  IV. — PHANEROOAMIA.  437 

The  macrosporaDginm  is  not,  as  a  rule,  embedded  in  the  placental 
tissae,  and  is  sometimes  borne  on  a  longer  or  shorter  stalk,  the 
funicle.  The  point  of  attachment  of  the  macrosporangiam,  whether 
it  be  sessile  or  stalked,  to  the  placenta,  is  termed  the  hilum. 

The  form  of  the  macrosporanginm  presents  many  varieties, 
of  which  the  following  are  the  more  common.  When  the  micro- 
pyle,  the  chalaza,  and  the  fanicle  (or  the  hilnm)  all  lie  in  one 
and  the  same  straight  line,  the  ovule  is  said  to  be  orthotropotM : 
when  the  micropjle  and  the  chalaza  lie  in  the  same  straight  line, 
but  not  the  fanicle,  the  ovule  being  bent  back  against  the  funicle 
(termed  the  raphe  along  the  line  of  contact),  the  ovule  is  ana- 


Fie.  284.— Diagrams  of  the  Ovule,  it  OrthotrOpoask  BAiiatropou&  C  Campylotropous. 
/  Fanicle;  oi  the  outer  integument;  u  the  inner  integument;  m  micropjle;  fcnuoellus; 
em  embryo-sac ;  r  the  raphe ;  e  chalaxa* 

tropous;  when  the  ovule  itself  is  curved,  so  that  the  micropyle 
and  the  chalaza  do  not  lie  in  the  same  straight  line,  the  ovule  is 
campylotropotis.  Various  intermediate  forms  occur  which  may  be 
easily  imagined. 

The  archesporium  (see  p»  73),  which  here,  as  elsewhere,  is 
hypodermal,  consists  generally  of  one  cell,  though  sometimes 
apparently  of  several  lying  side  by  side  {e.g.  Oasuarina;  some 
BosacesB,  such  as  Rosa  Iwida^  Fragarta  vesca^  Cydonia  japonica, 
Sanguisorba  pratensis ;  possibly  also  some  Gymnosperms,  Gnetum, 
Taxus,  Ginkgo,  Thuja).  In  some  cas^s  the  archesporial  cell 
undergoes  no  division  (e.g,  Tulipa  Qesneriana,  Lilium  hulbiferum) 
but  directly  developes  into  the  mother-cell  of  a  macrospore  ;  but, 
as  a  rule,  the  archesporial  cell  (or  cells)  undergoes  more  or  less 
frequent  division.  Thus,  in  most  Phanerogams,  the  division  of 
the  archesporial  cell  begins  with  the  cutting  ofF,  by  a  periclinal 
wall,  of  a  sterile  cell  towards  the  organic  apex  (micropylar  end) 
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of  the  macrosporangiam — or  sometimes  two  such  sterile  cells — 
which,  with  or  without  farther  division,  represent  a  tapetal  layer. 
The  large  remaining  cell  now  undergoes  division  into  two  by  a 
transverse  wall,  and  one  or  both  of  these  cells  may  divide  in  a 
similar  manner.  Thus  a  longitudinal  row  of  large  cells,  two  to 
four  in  number,  is  formed,  all  of  which  are  potentially  mother- 
cells  of  macrospores.  In  some  plants  (e.gr.  Senecio  and  other 
gamopetalous  Dicotyledons ;  Orchis  pollens,  Gymnadenia  ConopsecL, 
and  some  Grasses,  among  Monocotyledons)  no  tapetal  cells  are 
cut  off.  In  a  few  plants  (Cycads,  Gallitris  quadrivalvisy  Cupressus 
sempervirenSj  among  Gymnosperms;  Casuarina  and  some  other 
Amentales,  among  Angiosperms)  the  growth  of  the  archesporial 
cells  is  more  extensive,  leading  to  the  production  of  a  considerable 
mass  of  sporogenous  tissue,  as  in  the  macrosporangia  of  the 
Pteridophyta. 

Generally  speaking,  only  one  of  the  cells  of  the  sporogenous 
tissue  shows  any  sign  of  developing  into  a  macrospore ;  and  in 
the  normal  Angiosperms,  this  cell  is  generally  the  lowest  (nearest 
the  chalaza)  of  the  longitudinal  row  described  above.  In  some 
exceptional  cases  (e.g.  Eosa  livida,  Casuarina,  Taxus,  Ginkgo, 
Thuja,  Gnetum)  several  of  the  potential  mother-cells  begin,  at 
least,  to  develope,  though  even  in  these  cases  only  one  of  them, 
as  a  rule,  ultimately  gives  rise  to  a  fertile  macrospore. 

The  growth  of  the  fertile  mother-cell  of  the  macrospore  is 
vigorous.  It  causes  the  displacement  and  absorption  of  the  sterile 
cells  of  the  sporogenous  tissue.  But  Casuarina  is  an  exception 
in  this  respect ;  here  the  numerous  (as  many  as  twenty)  motheiv 
cells  all  grow  with  equal  vigour,  and,  as  they  do  not  attain  a 
large  size,  there  is  space  for  them  all  in  the  macrosporangium. 
Casuarina  is  further  peculiar  in  that  some  of  the  small  sterile 
cells  of  the  sporogenous  tissue  develope  into  tracheidal  cells 
somewhat  resembling  the  elaters  of  the  Hepaticce. 

The  macrosporangium  is  indehiscent,  and  only  becomes  de- 
tached from  the  plant  after  it  has  developed  into  a  seed. 

The  macrospore  or  emhryo-sac  is,  as  a  rule,  developed  singly  in 
the  macrosporangium ;  and,  further,  it  is  always  developed  singly 
from  its  mother-cell  without  any  indication  of  that  division  into 
four  which  is  characteristic  of  the  development  of  spores  in 
general.  It  is  in  fact  impossible,  as  a  rule,  to  fix  upon  any 
stage  at  which  the  transition  from  macrospore-mother-cell  to 
macrospore  may  be  considered  to  take  place  ;  for  the  mother-cell 
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simply  grows  and  becomes  the  macrospore  without  anj  special 
differentiation.  However,  in  the  CycadaceaB,  the  wall  of  the 
mother- cell  undergoes  that  differentiation  which  is  characteristic 
of  spores,  so  that  the  wall  of  the  macrospore  consists  of  two 
layers  the  outer  of  which  is  cuticularised.  The  macrospore  is 
simply  a  large  cell,  containing  vacuolated  protoplasm  in  which 
lies  a  nucleus,  and  having,  as  a  rule,  a  wall  of  cellulose. 


Fig.  286.— Torenia  atiatica.  A  Two  anatroponfl  ovnles  on  the  placenta  p ;  e  apex  of 
embryo-«ac  projectins:  beyond  the  micropyle ;  0*  its  broad  chalazal  end  in  the  ovale ; 
/'ftinicle;  i- integoment  (x240).  BaudC  Free  apex  of  embryo-sac,  with  egf^-apparatus, 
before  fertilisation ;  /I  caps  of  the  synergida ;  o  oosphere.  D  and  E  The  process  of  fertili- 
sation ;  t  the  pollen-tnbe ;  /  part  of  the  fnnicle  (  x  eoo :  after  Strasbnrger). 

In  the  course  of  its  growth,  the  macrospore  frequently  causes 
the  absorption  of  more  or  less  of  the  tissue  of  the  nucellus,  more 
especially  towards  the  micropylar  end.  It  commonly  attains 
such  a  size  that  little  or  none  of  the  nucellar  tissue  remains,  and 
it  may  even  project  beyond  the  micropyle  (e.g.  Santalum,  Torenia 
asiaticaf  Fig.  285)  ;  and   in  many  gamopetalous  Dicotyledons  it 
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developes  tnbalar  outgpx>wths,  which  penetrate  into  and  destroy 
the  tissae  of  the  integument  (e.g,  Bhinanthns,  LathrsBa,  some 
LabiataB).  In  some  cases,  however  (e.g.  Grjmnosperms,  Scitamineae, 
most  Njmph8Bace»,  Piper),  the  macrospore  does  not  grow  to  such 
an  extent,  so  that  a  considerable  mass  of  nucellar  tissue  is  left, 
which  persists  to  some  extent  in  the  seed  as  perisperm,  its  cells 
being  then  filled  with  nutritive  substances.  This  may  be  due,  as 
in  the  Gymnosperms,  to  the  fact  that  the  macrospore  is  covered, 
towards  the  micropyle,  by  a  mass  of  nucellar  tissue  formed  by 
the  growth  and  repeated  division,  both  periclinal  and  anticlinal, 
of  either  the  tapetal  cell,  or  of  the  apical  epidermal  cells  of  the 
ovule,  or  of  both  ;  or,  as  in  the  other  cases,  to  the  fact  that  the 
macrospore,  in  its  growth,  which  is  relatively  slight,  does  not 
absorb  the  chalazal  portion  of  the  nucellar  tissue. 

General  Histology.  The  following  are  the  principal  characteris- 
tic features : — The  apical  growth  of  shoot  and  root  is  only  excep- 
tionally effected  by  means  of  a  single  apical  cell :  the  small-celled 
moristem  of  the  growing-point  of  the  stem  is  more  or  less  distinctly 
differentiated  into  dermatogen.  periblem,  and  plerome,  so  that  the 
stem  has  a  true  epidermis :  the  epiblema  of  the  root  is  either  the 
persistent  innermost  layer  of  the  original  many-layered  endodermis 
(most  Dicotyledons,  Gymnosperms),  or  it  is  the  external  layer  of 
the  cortex  (Monocotyledons ;  see  p.  154)  :  stem  and  root  are  mono- 
stelic,  with  but  few  exceptions  (p.  152)  :  the  vascular  bundles  of 
the  stem  are  generally  collateral :  both  root  and  stem  generally 
present  secondary  growth  in  thickness  (except  Monocotyledons, 
and  a  few  other  cases)  by  means  oE  a  normal  cambium-ring  (for 
abnormal  cases,  see  p.  204) :  the  growing-points  of  the  lateral  roots 
are  developed  from  the  pericycle  of  the  parent  root  (see  p.  186). 

The  Emhryogeny  of  the  Sporophyte.  The  sporophy te  is  developed 
from  the  fertilised  oosphere  in  the  ovule.  The  development  of  the 
embryo  is  not  continuous,  but  is  in  two  stages,  which  may  be  con- 
veniently distinguished  as  the  intra-seminal  and  the  extra-'seminal. 
The  intra-seminal  stage  includes  the  whole  of  the  development 
which  the  embryo  undergoes  during  the  conversion  of  the  ovule 
into  the  ripe  seed — that  is,  during  what  is  known  as  the  '*  ripening 
of  the  seed.''  The  extra-seminal  stage  includes  the  development 
of  the  embryo  which  follows  the  sowing  of  the  seed ; — that  is,  the 
escape  of  the  embryo  from  the  seed,  and  the  gradual  development 
of  the  characters  of  the  adult  plant.  The  interval  between  these 
two  stages  may  be  brief,  or  it  may  extend  over  many  years  if  the 
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seed  be  kept  dry.  The  **  germination  "  of  the  seed  when  sown  is 
simply  the  resumption  of  development  by  the  embryo  in  conse- 
quence of  exposure  to  the  necessary  conditions  of  moisture, 
warmth,  etc. 

In  most  Phanerogams,  each  oospore  gives  rise  to  a  single  em- 
bryo ;  but  in  most  -Gymnosperms  each  oospore  gives  rise  to  more 
than  one  embryo  (four  or  many),  thus  exhibiiing  polyembryony . 

The  primary  development  of  the  embryo  is  either  holoblastic  or 
meroblastic  (see  p.  13) ;  meroblastic  embryogeny  is  common  among 
Gymnosperms. 

In  some  exceptional  cases  (Cycads,  Ginkgo,  Ephedra)  the 
embryogeny  begins  with  free  cell-formation  in  the  oospore  (see  p. 
121). 

Generally  speaking,  the  oospore  of  holoblastic  plants  divides 
into  two  by  a  transverse  wall :  the  upper  of  the  two  cells  remains 
coherent  to  the  micropylar  end  of  the  embryo-sac  and  developes 
into  the  suspensor,  an  embryonic  orgfan  which  is  a  characteristic 
feature  of  the  embryogeny  of  Phanerogams,  which  bears  at  its 
lower  end  the  other  cell,  termed  the  emhryO'Cell,  from  which  the 
whole  or  a  considerable  part  of  the  body  of  the  embryo  is  de- 
veloped. In  meroblastic  plants,  the  suspensorial  cell  and  the 
embryo-cell  are  developed  in  a  somewhat  similar  though  more 
complicated  manner,  from  the  embryogenic  portion  of  the  oospore 
(see  Gymnosperms,  p.  71). 

It  is  in  comparatively  few  plants  that  the  suspensor  contributes 
nothing  to  the  development  of  the  permanent  members  of  the 
embryo.  This  is  necessarily  the  case  in  those  plants  (enumerated 
below)  in  which  no  suspensor  is  developed ;  it  is  also  the  case 
in  some  plants  in  which  a  suspensor  is  present  {e.g.  plants 
with  massive  suspensors,  such  as  Geranium,  Tropwolum,  many 
Grasses;  also  most  LegnminossB).  Here  the  embryo  is  de- 
veloped entirely  from  the  embryo-cell.  In  some  cases  (Vicie», 
Conifera&)  the  embryo-cell,  on  the  other  hand,  contributes  to  the 
elongation  of  the  suspensor.  In  many  cases,  however,  the  lowest 
cell  of  the  suspensor  contributes  in  part  (e.g.  Capsella,  Fig.  286)  or 
entirely  (e.g,  Alisma,  Fig.  287)  to  the  construction  of  the  embryo. 

The  suspensor  may  be  regarded,  in  most  cases,  simply  as  a 
temporary  organ  of  the  embryo :  but  it  occasionally  presents  such 
a  degree  of  independence  of  growth,  that  it  assumes  the  character 
rather  of  a  proembryonic  organism,  making  the  embryogeny 
heteroblastic,  than  of  a  mere  organ  (see  p.  14). 
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The  following  are  noteworthy  peculiarities  in  the  naorphology  and  physiology 
of  the  suspensor.  It  is  generally  a  filament  consisting  of  a  longer  or  shorter 
single  row  of  cylindrical  cells,  sharply  defined  from  the  rest  of  the  embryo :  in 
some  oases  it  consists  of  several  such  rows  {e,g,  Glaucinm,  Viciea?) :  in  others 
it  is  massive  (see  above),  consisting  of  a  number  of  cells  covering  the  posterior 
end  of  the  embryo,  and  not  sharply  defined  from  it:  sometimes  it  consists 
of  a  single  cell  {e.g.  Funkia) :  in  some  plants  {e.g.  Vieieie)  the  segments  of 
the  suspensor  are  coenocytic.  Rarely,  it  is  diflferentiated  at  a  relatively  late 
stage  of  embryogenj  {e.g.  Cytisui  Laburnum^  and  some  other  LeguminossQ).  Its 
common  function  is,  by  its  growth,  to  force  the  embryo  into  the  nutritive  tissue 
of  the  seed,  and  it  is  usually  attached  by  its  upper  end  to  the  mioropylar  end 
of  the  embryo-sac :  but  it  is  not  unfreguently  adapted,  more  particularly  when 
the  embryo-sac  contains  little  or  no  store  of  nutriment,  as  an  organ  of  ab- 
sorption. Thus  in  some  Orchids  {e.g^  Anacamptis  pyramidalis,  Platanthera 
bifolia.  Orchis  latifolia)^  the  filamentous  suspensor  grows  through  the  wall  of  the 
embryo-sac,  and  out  at  the  micropyle,  reaching  the  wall  of  the  ovary  where  it 
buries  itself  in  the  tissue  of  the  placenta,  from  the  cells  of  which  it  absorbs 
nutriment  for  the  embryo  attached  to  its  other  end  in  the  embryo-sac.  Again, 
in  other  Orchids  (PhalaBuopsis,  Vanda),  the  primitive  suspensorial  cell  divides 
longitudinally  into  six  cells  which  grow  out  into  long  filaments,  both  upwards 
and  downwards,  enveloping  the  embryo  but  not  leaving  the  ovule,  which  act  as 
absorbent  organs.  In  Tropseolum,  the  suspensor  produces  two  lateral  branches, 
one  of  which  bores  through  the  wall  of  the  ovule  into  the  cavity  of  the  ovary, 
acting  as  an  anchor  for  the  embiyo ;  the  other  penetrates  the  wall  of  the  ovule, 
where  it  is  in  contact  with  the  placenta,  and,  entering  the  placental  tissue,  acts 
as  an  absorbent  organ.  In  Gnetum  the  suspensor  branches  and  bears  an 
embryo  at  the  end  of  each  branch.  When  the  suspensor  is  massive,  it  is  itself 
a  depository  of  nutrient  substances  for  the  use  of  the  embryo. 

No  suspensor  is  developed  in  the  following  plants :  Pistia  Stratiotfi,  Liitera 
ovata,  Bpipactis  paluttrit  and  latifoliaf  Cypripedium  speetabile,  among  Mono- 
cotyledons; CorydalU  cava,  and  certain  Leguminous  plants,  such  as  the 
MimosesB  and  some  Hedysarese,  among  Dicotyledons ;  Ginkgo,  among  Gymno- 
sperms. 

In  those  plants  which  have  no  saspensor,  the  development  of 
the  embryo  from  the  oospore  is  simple.  The  oospore  divides 
bj  a  transverse  (basal)  wall  into  two;  then  by  a  longitudinal 
wall  into  fonr;  and  then  by  a  second  longitudinal  wall,  at 
right  angles  to  both  the  preceding,  into  eight  cells,  octant-s  of  a 
sphere :  generally  speaking,  from  the  half  of  the  oospore  next 
the  micropyle  the  primary  root  is  developed,  from  the  other  half 
the  growing-point  of  the  primary  stem  and  the  (one  or  two) 
primary  leaves  or  cotyledons.  The  early  stages  of  the  embryogeny 
are  essentially  the  same  in  those  plants  in  which,  though  a  sus- 
pensor is  present,  it  does  not  contribute  to  the  structure  of  the 
embryo,  though  here  it  is  the  embryo-cell  that  divides  into  octants. 
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In  those  plants  which  have  a  saspensor  which  contnbutes  to 
the  embryo,  the  embryo. cell  is  not  a  complete  sphere.     It  divides, 


emb. 


*^  ^d 


A^MSJO, 


^-.- 


cot. 


FiQ.  396. — Vmbryogeny  of  Dicotyledons  as  represented  by  Cap$ella  Bursa-Pastoria  (dia- 
grammatic, after Goebel  and  Honstein).  A-D  Sacoessive  stages:  stttp.  snspensor;  tmh, 
embryo ;  1-1,  2-2,  octant>walls ;  a  lowest  cell  of  saspensor,  dividing  in  B  to  form  the  hypo- 
physial cell  h ;  in  C  the  hypophysial  cell  has  divided  into  two,  h^  and  h,,  the  former  cod- 
stitating  the  periblem,  the  latter  the  dermatogen,  of  the  growing-poiut  of  the  primary 
root ;  in  D,  H,  has  ondergone  a  periclinal  division  to  form  the  primitive  root-cap :  dderma- 
togen ;  c  periblem ;  pi.  plerome ;  cot.  cotyledons,  between  which  lies  the  growing-point  of 
the  primary  stem. 

as  a  rale,  into  two  by  a  longitudinal  wall,  then  transversely,  and 
then  in  a  plane  to  both  the  preceding,  into  octants ;  but  while 
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the  four  anterior  octants  are  octants  of  a  sphere,  this  is  not  the 
case  with  the  four  truncated  posterior  octants  abutting  on  the 
suspensor.  In  some  cases,  the  transverse  division  precedes  the 
longitudinal.  From  the  anterior  octants  are  developed,  in  Dicotyle- 
dons generally  (Fig.  286),  the  two  cotyledons  and  the  growing- 


a 


Fio.  287.-'Embryogeny  of  Monocutyledon^,  as  represented  by  A\wn.a  VXaxdaqo  (diaf^rain- 
malic,  after  Qoebel,  Hanstein,  and  Famintzin).  A-Q  Successive  stages  :  a  embryo>cell ; 
b  lowest  cell  of  snspensor,  siwp. :  (he  products  of  the  repeated  transverse  division  of  b  are 
Indicated  (c,  d,  <•  /)  in  D  and  C.  In  C,  a  has  given  rise  to  the  single  terminal  cotyledon  ; 
c  to  the  growing-point  of  the  primary  stem ;  d  and  e  form  the  hypocotyl ;  the  growing- 
.  point  of  the  root  is  developed  from/;  ep  dermatogen.  P  is  a  mature  embryo,  less  highly 
magnified :  cot,  cotyledon ;  nt.  growing-point  of  stem ;  H.vp.  hypocotyl.  The  nuclei  of 
the  cells  are  indicated  in  A  and  B. 

point  of  the  primary  stem,  bat  the  growing-point  of  the  primary 
root  is  supplied  from  the  last  cell  of  the  suspensor  (Fig.  286 
A^  a)  which  divides  ti'ansversely  into  two  (Fig.  286  B)  and  con- 
tributes the  cell  ^,  the  hypophysis,  to  complete  the  root- end  of  the 


Digitized  by 


Google 


GROUP   IV. — PHANEROGAMU.  445 

embrjo.  In  MonoootyledonB,  on  the  other  hand,  the  erabrjo-cell 
gives  rise,  as  a  rale  (Fig.  287  A  and  C,  a),  only  to  the  single  ter- 
minal cotyledon ;  whilst  the  last  cell  of  the  suspensor  (Fig.  287 
-^»  ^)  gives  rise  to  the  growing-point  of  the  stem,  which  is  here 
lateral  (Fig.  287  0,  c;  A  «0»  ^^^  to  that  of  the  root  by  a  hypo- 
physial cell  (J). 

In  two  cafles  only  {Cephalotaxus  Fortunei,  Araucaria  brasilianat  both  Gymno- 
sperms)  are  the  cotyledons  and  the  growing-point  of  the  primary  stem 
developed  endogenously :  here  they  are  at  first  covered  by  some  cells  at  the 
apex  of  the  embryo,  which  are  eventually  thrown  off. 

Id  a  few  exceptional  Monocotyledons  {e.g.  Dioscoreaoeie,  Commelynaceffi)  the 
growing-point  of  the  primary  stem  is  developed,  not  laterally,  but  apically, 
and  the  cotyledon  is  lateral.  In  some  Dicotyledons  (e,g.  Camm  BuVbocatianumy 
Hananeulut  Ficaria)  the  embryo  is  pseudo-monocotyledonout ;  that  is,  only  one 
cotyledon  is  developed  though  two  are  originally  indicated. 

In  the  Gymnosperms,  the  number  of  cotyledons  varies  from  one  of  fifteen. 

With  regard  to  the  histological  differentiation  of  the  embryo, 
the  first  step,  after  the  division  into  octants,  is  the  formation  of 
periclinal  walls  marking  off  a  superficial  layer,  which  is  the 
dermatogen  (Figs.  286,  287)  ;  this  differentiation  proceeds  from 
the  anterior  end,  or  apex,  backwards  towards  the  posterior  end  of 
the  embryo.  In  those  plants  in  which  the  root-end  of  the  embryo 
is  formed  by  a  hypophysial  cell  contributed  by  the  suspensor 
(Fig.  286  2?,  h),  the  dermatogen- layer  is  completed  by  the  peri- 
clinal division  of  the  hypophysial  cell,  the  inner  cell  forming  the 
periblem  of  the  growing-point,  the  out«r  forming  the  dermatogen 
which  undergoes  further  periclinal  division  to  form  the  primitive 
root-cap.  In  the  meantime,  anticlinal  and  longitudinal  walls 
have  also  been  formed,  so  that  the  embryo,  as  it  increases  in  size, 
consists  of  an  increasing  number  of  cells.  The  degree  of  histo- 
logical differentiation  attained  varies  widely  :  in  the  highest  forms 
(Fig.  286  D)  a  cylinder  of  plerome  is  differentiated  in  the  axis 
of  the  embryo,  so  that  the  three  primary  tissue- systems,  der- 
matogen, periblem,  and  plerome,  are  clearly  defined. 

The  degree  of  morphological  differentiation  attained  by  the 
embryo  in  its  intra-seminal  development  also  varies  widely,  as 
does  also  the  size  of  the  embryo.  In  the  ripe  seed  of  most  Orchids 
and  parasitic  plants  {e.g.  Orobanche,  Monotropa,  etc.),  the  body  of 
the  embryo  presents  no  differentiation  into  members.  In  most 
plants,  the  embryo,  in  the  ripe  seed,  consists  of  the  following 
members:    (a)  one,   two,  or  several  cotyledons;    (&)  a  primary 
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stem  beanng  the  cotyledon  or  cotyledons,  but  not  projecting  be- 
yond them,  termed  the  hypocotyl,  passing  posteriorly  into  (c)  the 
primary  root  or  radicle.  In  some  plants  {e.g.  Triticum  and  other 
Grasses,  Phaseolns,  Vicia,  Amygdalus,  etc.)  the  primary  stem  has 
elongated  beyond  the  insertion  of  the  cotyledon  or  cotyledons, 
and  bears  the  rudiments  of  fatnre  foliage-leaves :  this  portion  of 
the  primary  shoot  is  termed  the  plumule  or  epicotyl. 

The  size  and  texture  of  the  cotyledons  vary  with  the  functions 
which  they  have  to  perform.  When,  as  in  exalbuminous  seeds, 
such  as  peas  and  beans,  the  cotyledons  are  themselves  the  store- 
houses in  which  food  is  deposited  for  the  nutrition  of  the  embryo 
during  its  extra-seminal  development,  they  are  relatively  large, 
thick,  and  fleshy ;  but  when,  as  in  albuminous  seeds  {e.g.  Ricinus, 
Grasses,  etc.),  the  food  is  stored  in  the  endosperm,  the  cotyledons 
are  absorbent  organs  and,  though  still  relatively  large,  are  not 
thick  and  fleshy. 

In  a  few  Phanerogams  (e.g.  Utricularia,  which  never  deyelopes 
any  root,  Buppia  rostellata,  Wolffia  arrhiza)  no  primary  root  is 
developed  or  even  indicated. 

The  extra-seminal  development  of  the  embryo  may  be  briefly 
stated  as  follows : — The  first  event  is  the  elongation  of  the  hypo- 
cotyl,  with  the  result  that  the  radicle  passes,  through  the  micropyle, 
out  of  the  seed  into  the  soil,  where  it  becomes  firmly  attached : 
where  (as  in  some  Gymnosperms,  Grasses,  Tropceolum)  the  growing, 
point  of  the  root  is  developed  deep  in  the  tissue  of  the  embryo, 
the  radicle,  before  it  can  escape  from  the  seed,  has  to  penetrate 
this  more  or  less  considerable  mass  of  tissue  which  can  be  seen, 
on  examining  the  germinated  seed,  as  a  collar,  termed  the 
coleorhiza,  surrounding  the  base  of  the  radicle.  The  other  mem- 
bers then  escape  from  the  seed,  the  coat  of  which  becomes  more 
or  less  split.  In  those  cases  in  which  the  growth  of  the  hypocotyl 
is  active,  the  cotyledons  appear  above  the  surface  of  the  soil,  that 
is,  they  are  epigean  {e.g.  Cucurbita,  Ricinus,  Radish,  Sunflower, 
Scarlet  Runner,  etc.,  most  Gymnosperms),  either  leaving  the  seed- 
coat  in  the  soil,  or  carrying  it  up  to  the  surface.  In  those  cases  in 
which  the  growth  of  the  hypocotyl  is  comparatively  slight,  the 
cotyledons  do  not  reach  the  surface  of  the  soil,  that  is,  they  are 
hypogean  {e.g.  Vicia  Faha,  Pea,  Grasses,  etc.)  :  here  it  is  the 
epicotyl  (plumule)  which  grows  rapidly,  and  is  the  first  member 
to  appear  above  ground.  The  part  which  first  appears  above 
ground,  whether  it  be  hypocotyl,  epicotyl,  or  cotyledon,  usually 
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does  80  in  the  form  of  an  arch,  so  that  the  apex  is  not  exposed 
to  injury  whilst  the  member  is  forcing  its  way  np  through  the 
soil. 

Epigean  cotyledons  become  green  in  colour,  and  in  many  cases 
(e.g.  Sunflower,  Radish)  assume  the  appearance,  and  discharge 
the  functions,  of  foliage-leaves;  but  they  do  not  ever  precisely  re- 
semble, either  in  size  or  form,  the  true  foliage- leaves  of  the  plant 
to  which  they  belong. 

Vegetative    Propagation   is  common   among    Phanerogams,    by 
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Fio.  288.— Germination  of  pollen-Rrain  of  Ulium  UaHagon  (x760:  after  Gnignard).  A 
Young  pollen-grain:  c  centrospherea;  n  resting  nucleuf.  B  Commencement  of  germina- 
tion :  n  the  dividing  nudeua ;  o  centrospheres.  C  Cell-formation  has  taken  place,  result- 
ing in  the  formation  of  the  generative  cell  g;  n  nacleus  of  remainder  of  pollen-grain  (*'.«. 
vegetative  cell). 

means  of  bulbs  {e.g,  Lily,  Onion,  and  many  other  Monocotyledons), 
tubers  (Potato),  tuberous  roots  (Dahlia),  etc. 

B.  The  Gambtophytb.  As  all  Phanerogams  are  heterosporous, 
the  sexual  generation  is  represented  by  two  individuals,  a  male 

V.  s.  B.  GO 
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and  a  female,  developed  respectivel j  from  the  microspore  and  the 
macros  pore. 

The  Male  Prothallium  is,  in  all  cases,  filamentous  and  relatively 
small,  consisting  of  but  few  cells.  The  first  indication  of  its 
development  is  the  division  of  the  nnclens  of  the  mici'ospore, 
which  may  take  place  even  before  the  microspore  escapes  from 
the  microsporanginm,  and  this  is  followed  by  cell- formation.  In 
the  Angiosperms  (Fig.  288)  the  cell-formation  is  simple,  consisting 
in  the  aggp:*egation  of  protoplasm  round  one  of  the  two  nuclei,  with- 


Fio.  289.— DeTolopment  of  male  prothalUum  from  the  pollen-grain  of  the  Tew :  A  early 
Btage.  B  Later  stage:  tt  atalk-cell;  an  antheridial  cell;  n  nucleua  of  the  large  vegetative 
cell  which  ha«  grown  out  into  the  pollen-tube.  In  B  the  geiierative  cell  is  travelling  down 
the  pollen-tube  as  a  preliminary  to  fertilisatton.    ( x  SfiO :  after  Belajeff.) 

out  any  formation  of  cell- wall,  so  that  a  small  primordial  cell, 
the  generative  cell,  is  formed,  floating  freely  in  the  protoplasm 
of  the  microspore  which,  with  the  other  nucleus,  constitutes 
the  vegetative  cell.  In  the  Gymnosperms  the  process  is  rather 
more  complicated.  In  the  simplest  case  {e,g.  the  Yew,  Fig 
289)  the  microspore  divides  into  two  cells,  separated  by  a  cell- 
wall  ;  of  these  the  one,  the  antheridial  cell,  undergoes  division 
into  two,  a  stalk-cell  (st)  and  a  generative  cell  (an);  whilst  the 
other  remains  as  an  undivided  vegetative  cell.     In  some  cases, 
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however  (e.g.  Larch,  Ginkgo,  Fir,  Ephedra),  generally  three  cells 
are  successively  cut  off  by  parallel  septa  (Fig.  290)  :  of  these, 
the  two  first  formed  are  merely  vegetative  prothallial  ceils,  and 
undergo  disorganisation,  whilst  the  last  is  the  antheridial  cell,  and 
undergoes  division  into  a  generative  cell  and  a  stalk-ceil.  In 
some  cases  (Ginkgo,  Ephedra,  Cycads)  the  second  prothallial  cell 
persists ;  and  it  appears  that  in  the  Gnetacete  the  antheridial  cell 
does  not  divide  to  form  a  stalk-cell  bat  is  actually  the  generative 
cell. 

In  both  Angiosperms  and  Gymnosperms,  the  pollen-tube  is 
formed  by 
the  o  u  t- 
growth  of 
the  large 
vegetative 
cell :  in  both 
cases  the 
generative 
cell  (after 
being  set 
free  when 
necessary) 
enters     the  ^. 

pollen-tube, 
together 
with  the  ve- 
getative nu- 
cleus, and, 
in  Gymno- 
sperms, 
with  the  nu- 
cleus of  the 
stalk  -  cell ; 
the  vegeta- 
tivenucleus 

becomes  disorganised  (Fig.  2fc9  By  n),  whilst  the  generative  cell 
undergoes  division  into  two;  either  into  two  equal  generative 
cells,  as  is  generally  the  case,  or  into  two  unequal  cells  only  one 
of  which  is  generative  (e.g.  Taxus).  More  than  one  pollen-tube 
may  be  developed  from  the  microspore  (Fig.  283). 

Thus  the  male  individual  in  the  Phanerogams  is  a  prothallium 


Fio.  280.— Development  of  the  male  pi  1 

PolleD-gi-ain  in  which  cell- division  is  proceeding  whilst  still  in  the 
pollen-sac ;  n  nacleas :  pr  three  prothallial  cells,  the  innermost  of 
which  is  the  antheridial  cell.  B  Older  pollen-grain  developing  a 
pollen 'tube;  pr  prothallial  cells;  n  nucleus  of  pollen>tnbe.  (x  510: 
after  Strasburger.) 
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consisting  of  but  few  cells,  and  the  antheridinm  is  at  most  two- 
celled  :  the  generative  cell  represents  a  spermatozoid-mother-cell, 
the  protoplasm  of  Avhich  is  not,  however,  differentiated  into  a 
apermatozoid,  but  simply  constitutes  a  male  cell. 

The  male  cell  is  a  small  nucleated  primordial  cell  in  the  pollen - 
tube,  and  is  either  the  original  generative  cell  itself,  or  a  product 
of  ifcs  division.  It  is  eventually  extruded  through  the  apex  of 
the  pollen-tube. 

The  Female  Prothallium  is  developed  in  the  interior  of  the 
macrospore  (embryo-sac)  in  a  similar  manner  to  that  of  the 
heterosporous  Pteridophyta :  but,  in  the  Phanerogams  it  does  not 
at  any  period  project  fi-om  the  macrospore  as  it  does  in  the 
Pteridophyta,  though  this  occurs  exceptionally  in  the  Cycadaceae 
among  Gymnosperms,  and  in  Avicennia  among  Angiosperms. 

The  development  of  the  prothal- 
lium (or  endosperm)  is  simple  in  the 
Gymnosperms.  The  nucleus  of  the 
maci'ospore  divides;  repeated  nu- 
clear division  takes  place,  until  a 
large  number  of  nuclei  are  formed 
which  lie  in  the  protoplasm  round 
the  wall  of  the  macrospore ;  between 
these  nuclei  cell-Avalls  are  developed, 
so  that  a  cellular  tissue  is  produced, 
the  cells  of  Avhich  grow  and  multi- 
ply by  division  until  the  cavity  of 
the  macrospore  is  entirely  filled  with 
this  tissue  which  constitutes  the 
prothallium.  In  Guetum,  however, 
the  development  of  the  prothallium 
is  not  completed  until  fertilisation 
has  taken  place. 

In  the  Angiosperms  the  develop- 
ment of  the  prothallium  is  more 
complicated  in  that  it  generally 
takes  place  in  two  stages,  the  one 
preceding,  the  other  following,  fer- 
tilisation. The  nucleus  of  the  ma- 
crospore divides  into  two  :  of  these 
the  one  travels  to  the  micropylar  pole,  the  other  to  the  chalazal 
pole,  of  the  macrospore ;  each  nucleus  then  divides,  and  each  of 


£ 


Pig.  291.— The  female  prothallinm 
of  Gymnosperma,  shown  in  a  long^iia> 
dinal  section  of  the  ovnle  ( x  about 
15 ;  diagrrammatic) :  u  integument ; 
m  micropyle.  K  Niicellus  (macrospo- 
rangium).  B  Bmbryo-sac  (macro- 
spore); e  female  prothallium  (endo- 
sperm), in  which  are  situated,  towards 
the  micropyle,  two  archegonia,  c, 
with  neck  H;  ps  pollen-tube  entering 
the  neck  of  the  left  archegonium; 
p  pollen-grain  seated  on  the  apex  of 
the  nucellus. 


Digitized  by 


Google 


GROUP   IV. — PHANEROGAMIA. 


451 


I 


the  four  so  formed  divides  again,  so  that  eight  nuclei  are  formed, 
four  at   the  micropylar,  and   fonr  at  the   chalazal  pole  of  the 
macrospore ;   one  nneleas  is  then  conveyed   from  each   pole   to- 
ward the  centre  of  the  macrospore,  where  the  two  nuclei  meet 
and  fuse   into  one  which   is  termed  the  definitive  nucleic  of  the 
macrospore  or  embryo-sac.     Three  nuclei  now  lie  at   each  pole, 
and  around  these  aggregation  of  protoplasm  takes  place,  so  that 
cells  are  formed :  those  at  the  chalazal  pole  soon  acquire  a  cell- 
wall,  and  are  termed  antipodal 
cells:  those  at  the  micropylar 
end  do  not  form  any  cell- wall ; 
one  of  them  is  the  female  re- 
productive   cell   or  oosphere, 
the     other    two    are     sterile 
(though   in    rare    cases    they 
are  fertile),   and   are   termed 
the  syfiergidce,  the    three    to- 
gether  constituting    the   egg- 
apparatus.     This  is  the  extent 
to  which  the  development  of 
the  female  prothallium  takes 
place   previously  to  fertilisa- 
tion.     In   most   Angiosperms 
the  structure  of  the  prothal- 
lium is  completed  by  the  for- 
mation, after  fertilisation  has 
taken  place,  of  additional  cel- 
lular   tissue :    this  process   is 
initiated    by  the   division    of 
the  definitive  nucleus  of   the 
macrospore,  nuclear  division  is 
repeated,  cell-formation  takes 
place,  in  the  manner  described 
above   for  the  Gymnosperms, 
^  and  the  macrospore  becomes  more  or  less  completely  filled  with 
cellular  tissue,  commonly  termed  endosperm. 

In  a  number  of  dicotyledonous  plants  (e.g.  LoranthaeeaB.  Orobanchacese, 
Labiatae,  GampanulaceaB)  where  the  embryo-sac  is  long  and  narrow,  the  endo- 
sperm is  developed  by  cell-division  :  the  embryo-sac  is  divided  by  two  or  more 
transverse  septa  and  longitudinal  divisions  follow.  And  even  when  the  de- 
velopment of  the  endosperm  begins  with  free  cell-formation,  its  further  develop- 
ment is  effected  by  the  growth  and  division  of  the  first-formed  cells. 


Fig.  202.— The  female  prothalliam  of  An- 
f^o((perm8,  shown  in  a  longitudinal  section  of 
the  ovule  (  x  70) :  ot  outer,  ii  inner,  integu- 
ment ;  TO  micropyle ;  /  funicle.  K  Macros- 
poranginm  (nucelluB).  B  Macrospore  (em- 
bryo-sac), k  Definitive  nucleus  of  the  em- 
bryo-sac. The  female  prothallium  consists 
of  the  egg-apparatus  at  the  micropylar  end 
of  the  macrospore,  and  of  the  group  of  anti- 
podal cells  at  at  the  chalasal  end.  The  egg- 
apparatus  consists  of  two  synergidee  s,  and 
an  oosphere  c. 
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The  de^ee  of  development  attained  by  the  endosperm  in  Angiosperms  is 
various.  Whilst,  as  a  rnle,  it  completely  fills  the  embryo-sac,  leading  room, 
however,  for  the  embryo,  in  some  cases  it  occupies  but  a  portion  of  the 
embryo-sac,  as  in  the  Coco-nut,  where  it  forms  a  thick  parietal  layer ;  or,  as  in 
Nymphiea,  Nuphar,  Anthnrium,  Yiscum,  Lathriea,  Thesinm,  Bhinanthus,  etc., 
where  the  development  of  endosperm  is  confined  to  the  upper  half  of  the 
embryo-sac.  In  some  cases  the  endosperm  is  rudimentary,  being  represented 
merely  by  a  number  of  nuclei,  as  in  Tropseolum,  Trapa,  Naiadaceie,  Alismaoee, 
Orchidaces ;  and  in  Ganna  even  this  rudimentary  development  is  wanting. 

The  antipodal  cells  do  not,  as  a  rule,  undergo  any  further  development,  but 
in  some  cases  {e.g,  some  Gramiuaceie)  they  have  been  observed  to  divide  and 
give  rise  to  a  considerable  mass  of  cells. 

The  female  organ  is  essentiallj  an  archegoniam.  In  most 
Gjmnosperms  it  is  actually  an  archegoniam,  like  that  of  the 
Pteridophyta  ;  it  is  developed  from  a  single  superficial  cell  of  the 
prothallinm  at  the  micropylar  end,  and  has  a  neck,  containing  a 
canal-cell,  leading  to  a  ventral  cavity  in  which  lies  the  female  cell 
or  oosphere;  bat  in  Welwitschia  the  archegoniam  is  reduced  to  a 
single  cell  with  a  cell-wall ;  and  in  Gnetam  to  a  single  cell  with- 
out a  cell- wall,  the  oosphere.  In  the  Angiosperms  the  female 
organ  resembles  that  of  Gnetam,  in  that  it  is  reduced  to  a  single 
naked  cell :  the  three  cells  constituting  the  egg-apparatas  repre- 
sent each  an  archegoniam  reduced  to  a  single  cell ;  but  in  one 
only  is  this  cell  a  true  fertile  oosphere,  the  other  two  (the  syner- 
gidte)  being  sterile  as  a  role. 

In  a  feJT  plants  the  egg-apparatus  consists  of  but  two  cells  (the  rule  in  Savta- 
liim  album ;  occasionally  in  Ornithogalum  nutarUf  Sinningia,  Gomphrena,  some 
Orchids  such  as  Orchis  latifoliat  Cypripedium  Calceolutf  Gymnadenia  Conopsea, 
some  Mimoseas) :  it  would  appear,  that,  in  such  a  case,  there  has  been  but  one 
nuclear  division  in  the  micropylar  end  of  the  embryo-sac.  Both  the  cells  are 
susceptible  of  fertilisation,  and  are  therefore  both  to  be  regarded  as  oospherea. 

In  some  plants  (Crocus,  Gladiolus,  Torenia  Fig.  285,  Santalum)  the  syner- 
gidie  become  elongated,  and  penetrate  the  wall  of  the  embryo-sac ;  their  project- 
ing ends  are  longitudinally  striated  and  are  covered  with  a  coat  of  cellulose  : 
these  structures  are  sometimes  spoken  of  as  the  Jilif arm  apparatut. 

In  Gasuarina,  the  cells  of  the  egg-apparatus  (when  fertile)  are  surrounded  by 
cell-walls  (like  the  oosphere  of  Welwitschia) :  no  antipodal  cells  are  developed. 

Pollination.  In  view  of  the  fact  that  the  female  cell  (oosphere), 
and  the  prothallinm  bearing  it,  remain  (as  a  rule)  permanently 
enclosed  in  the  macrospore,  and  that  the  macrospore  remains  en- 
closed in  the  indehiscent  macrosporangium,  it  is  clear  that  the 
process  of  fertilisation  can  only  be  effected  when  the  microspore 
germinates   in    immediate    proximify   to   the    macrosporangium. 
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The  bringing  of  the  microspore  into  such  close  relation  is  what  is 
termed  pollination.  When  the  pollen  of  any  one  flower  is  brought 
into  relation  with  the  macrosporangium  of  the  same  flower,  the 
case  is  one  of  self-pollination ;  when  the  pollen  of  any  one  flower  is 
brought  into  relation  with  the  macrosporangium  of  another  flower 
(whether  on  the  same  plant,  or  on  another  plant  of  the  same 
species),  the  case  is  one  of  cross-pollination. 

The  microspores  when  so  brought  are  placed  under  conditions 
of  moisture  and  nutrition  favourable  to  their  germination.  In 
Gymnosperms,  where  there  is  no  ovary  and  no  stigma,  the  mici-o- 
spore  is  brought  into  direct  contact  with  the  micropyle  of  the 
macrosporangium.  In  the  Angiosperms,  where  there  is  an  ovary 
and  a  stigma,  the  microspores  cannot  come  into  direct  contact 
with  the  macrosporangium ;  they  fall  upon  the  stigma  and  ger- 
minate on  its  moist  surface  ;  the  pollen- tubes  then  grow  down  into 
the  ovary,  down  the  style,  if  there  is  one,  and  finally  enter  the 
ovules  (see  Fig.  280). 

In  certain  cases  flowers,  of  course  ambisporangiate,  are  so 
modified  as  to  ensure  self-pollination:  instances  of  this  are  afforded 
by  species  of  Viola,  Lamium  amplexicaule,  Oralis  Acetosella,  and 
others,  where  the  plant  (in  addition  to  the  ordinary  flowers)  bears 
inconspicuous  flowers  which  do  not  open,  and  in  which  self- 
fertilisation  is  perfectly  effected  by  the  pollen ;  these  peculiar 
flowei-B  are  s»id  to  be  cleistogamous. 

In  the  great  majority  of  Phanerogams,  however,  cross-pollina- 
tion is  the  rule.  In  the  case  of  monosporangiate  flowers  (e.g. 
Gymnosperms)  it  is  clear  that  pollen  must  be  conveyed  from  a 
staminate  to  a  carpellary  flower.  It  is  also  known  that  in  a  great 
number  of  ambisporangiate  flowers,  pollination  is  effected  by  the 
transfer  of  pollen  from  one  flower  to  another :  in  some  of  these 
cases  it  has  been  demonstrated  that  it  is  only  the  pollen  of  another 
flower  which  can  effect  fertilisation;  in  other  cases,  that  the 
pollen  of  the  same  flower,  though  not  absolutely  useless,  has  less 
fertilising  power  than  that  of  another  flower;  and  in  yet  other 
cases,  that  though  the  pollen  of  the  flower  itself  has  sufficient 
fertilising  effect,  yet  the  progeny  is  less  vigorous  than  when 
pollen  is  supplied  from  another  flower. 

The  conveyance  of  pollen  from  one  flower  to  another  is  effected, 
in  the  case  of  a  number  of  plants  with  inconspicuous  flowers  (e.g. 
Gymnosperms,  Grasses,  many  Dicotyledonous  Forest-trees),  by 
the  agency  of  the  wind,  when  they  are  said  to  be  aneniophilotis;  but 
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in  the  caae  of  flowers  which  are  conspicnoas  by  their  size,  colour, 
perfume,  or  by  their  secretion  of  honey,  the  conveyance  is  effected 
by  the  insects  which  are  attracted  to  visit  the  flowers;  such 
flowers  are  said  to  be  entomophilotis. 

In  those  ambisporangiate  flowers  to  which  cross-fertilisation  is 
indispensable,  or  at  least  important,  the  most  various  contrivances 
are  exhibited  for  the  purpose  of  hindering  or  limiting  self-pollina- 
tion on  the  one  hand,  and,-  on  the  other,  of  facilitating  cross- pol- 
lination ;  or  finally,  in  default  of  cross- pollination,  of  ensuring 
ultimate  self-pollination,  this  last,  of  course,  only  in  those  cases  in 
which  the  pollen  of  the  flower  itself  is  capable  of  fertilising  it ; 
for  it  is  evident  that  selfqx>llinatioli,  even  if  not  very  advan- 
tageous, is  at  any  rate  Of  some  use  to  the  plant. 

Among  the  contrivances  for  the  prevention  of  self-pollination, 
one  of  the  simplest  is  the  arrangement  of  the  anthers  and  stigma 
in  such  positions  that  the  pollen  cannot  possibly  i^each  the  stigma 
of  the  same  flower,  e.g.  Aristolochia  (Fig.  298)  :  or  secondly,  the 
abortion  of  all  the  microsporangia  in  some  flowers  and  of  all  the 
macrosporangia  in  others;  in  such  flowers  the  organs  in  question 
are  present,  but  they  are  not  functional.  This  is  an  approach  to 
the  diclinous  condition ;  it  occurs  in  the  Tiger-Lily,  in  which  the 
anthers  are  commonly  abortive  in  some  flowers  and  the  ovaries  in 
others.  Thirdly,  dichogamif  frequently  occurs,  that  is,  that  the 
stigmata  and  stamens  attain  their  functional  activity  at  different 
times :  flowers  in  which  this  ocdurs  are  either  protandrotis,  that  is, 
the  anthers  are  first  developed  and  have  already  shed  their  pollen 
when  the  stigma  of  ihe  same  flower  is  capable  of  receiving  it ;  or 
they  are  protogynoui,  that  isj  the  stigma  is  fully  developed  before 
the  anthers  of  the  same  flower  are  ready  to  shed  their  pollen  :  in 
the  latter  case  self-pollination  is  obviously  only  excluded  if  the 
stigma  is  withered  before  the  pollen  is  shed ;  there  are,  however, 
protogynoQS  flowers  in  which  the  stigma  remains  fresh  for  a  long 
time  and  which  may  be  pollinated  by  their  own  pollen.  As 
examples  of  protandrous  flowers,  those  of  the  UmbelliferaB,  and 
most  of  the  Compositce,  Lobeliaceed,  and  Campaimlaceee  may  be 
mentioned ;  and  of  protogynous  flowers,  Aristolochia,  Arum, 
Scrophularia  nodosa^  and  some  species  of  Plantago,  but  this  con- 
dition is  less  common  than  the  preceding. 

Among  the  contrivances  which  lead  to  the  cross-pollination  of 
flowers  by  the  agency  of  insects,  the  meaiLS  of  tempting  insects  to 
visit  the  flowers,  such  as  bright  colours,  odours,  and  the  secretion 
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of  honey,  mast  be  first  mentioned.  The  peculiar  marking  of  the 
flower  serves  in  many  cases  the  purpose  of  guiding  insects  to  the 
nectary.  The  form  of  the  flower,  the  situation  of  the  honey,  the 
position  of  the  stamens,  and  their  relation  to  the  other  parts  of  the 
flower,  particularly  to  the  stigma,  the  relative  development  in 
point  of  time  of  the  different  parts,  all  these  circumstances  com- 
bine and  co-operate  to  secure  cross- pollination,  and  sometimes  to 
allow  of  the  visits  of  particular  insects  only,  as,  for  instance,  of 
butterflies  with  long  probosces,  though  there  are  also  cases  in 
which  the  insects  must  occasionally  convey  the  pollen  to  the 
stigma  of  the  same  flower.  A  simple  arrangement  of  this  kind 
known  as  heterostylism  or  dimorphism,  and  which  occurs  in  species 
of  Primula,  Pulmonaria,  Linum,  Polygonum,  etc.,  may  be  men- 
tioned here.  These  plants  have  two  forms  of  flowers;  in  one 
form  the  stamens  are  short  and  the  style  much  longer,  so  that  the 
stigma  projects  above  the  anthers ;  in  the  other  form,  c^n  the 
contrary,  the  anthers  are  on  long  filaments  above  the  stigma; 
they  are  both  so  constructed  that  the  anthers  of  one  form  stand  on 
the  same  level  as  the  stigma  of  the  other.  From  the  position  of 
the  nectary,  and  the  form  of  the  rest  of  the  flower,  an  insect 
visiting  it  is  obliged  to  take  up  the  same  position  at  each  visit ; 
consequently  after  it  has  visited  a  flower  of  the  one  form,  when 
it  visits  a  flower  of  the  other  form,  it  touches  the  stigma  of  the 
latter  with  the  same  part  of  its  body  with  which  in  the  first 
flower  it  brushed  the  anthers,  and  thus  the  pollen  which  it 
carried  away  with  it  from  the  anthers  of  the  one  flower  is  trans- 
ferred to  the  stigma  of  the  other*  Observations  made  by  arti- 
ficially ti-ansporting  the  pollen  have  shown  that  fertilisation  is 
most  complete  when  the  pollen  of  stamens  of  a  certain  length  is 
conveyed  to  the  stigma  of  a  style  of  the  same  length.  The  same 
is  the  case  with  trimorphic  plants,  e.g.  Oxalis,  Lythrum  Salicaria  : 
in  these,  three  forms  of  flowers  occur  with  three  different  lengths 
of  styles  and  stamens. 

As  examples  of  more  complicated  contnvances  for  the  purpose 
of  securing  cross- pollination,  Aristolochia  and  Epipactis  may  be 
described. 

The  flower  of  Aristolochia  Glematitis  (Fig.  293)  is  protogynoas  ; 
insects  can  penetrate  without  difficulty  down  the  tube  of  the 
perianth,  which  is  furnished  on  its  internal  surface  with  hairs 
which  point  downwards,  and  they  thus  convey  the  pollen  they  have 
brought  with  them  from  other  flowers,  to  the  stigma ;  the  hairs, 
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however,  prevent  their  return.  When  the  pollen  has  reached  the 
stigma,  its  lobes  (Fig.  293  A  and  B  n)  spring  upwards,  and  thus 
the  anthers,  which  now  begin  to  open,  are  made  accessible  to  the 
insects  ;  these,  in  their  efforts  to  escape  (Fig.  293  ?),  creep  i*ound 
the  anthers  and  some  of  the  pollen  adheres  to  them ;  bj  this  time 
the  hairs  in  the  tube  have  withered,  and  the  insect  escapes,  dusted 
over  with  pollen  which,  in  spite  of  experience,  it  proceeds  to  convey 

in  like  manner  to  another  flower. 
Those  flowers  which  are  ready 
for  pollination  have  an  erect 
position,  and  the  tube  of  the 
perianth  is  open  above  so  that 
the  insect  can  readily  enter; 
after  pollination  the  peduncle 
bends  downwards  and  the  tube 
is  closed  by  the  broad  lobe  of 
the  perianth,  so  that  it  is  im- 
possible for  insects  to  enter 
flowers  which  have  been  fer- 
tih'sed. 

In  the  flower  of  Epipactis 
(one  of  the  Orchidacese),  the 
anther  is  situated  above  the 
stigma  and  does  not  shed  its 
pollen  in  isolated  grains;  but 
when  a  certain  portion  of  the 
stigma  (the  abortive  anterior 
lobe),  known  as  the  rostellum 
(Fig.  294  h),  is  touched,  the 
two  pollinia,  together  with  a 
mass  of  sticky  substance  (re- 
tinaculum) derived  from  the 
rostellum,  are  removed  from  the 
pollen-sacs,  adhering  to  the  for- 

FI0.2W.— Flower  of  Ariatolochia.  il  Before,  cign  body  (Fig.  294  F,h).      The 

and  B  lifter  fertilisation;  r  the  tnbe  of  the  insect  Creeps  into  the  flower 
perianth ;  k  the  cavity  below ;  n  stigma ;  a  .         r        i  i_  •   i.     • 

anthers;  tan  infect  ;k/ovary.    (After  Sachs.)  to   obtain    the    honey    whlch    IS 

secreted  in  the  cavity  of  one  of 
the  leaves  of  the  perianth,  the  labellum  (Fig.  294  /)  ;  as  it  with- 
draws from  the  flower,  it  carries  away  the  pollinia  on  its  head, 
and  on  entering  the  next  flower,  deposits  them  upon  the  stigma. 
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In  the  course  of  frequent  cross-pollination  it  is  inevitable  that 
the  pollen  of  other  species  of  plants  should  be  applied  to  the  stigma  ; 
but  while  the  pollen  of  plants  of  widely  different  species  is  wholly 
without  efFect,  that  of  nearly  allied  species,  particularly  those 
belonging  to  the  same  genus  in  certain  groups,  has  a  fertilising 
effect ;  the  result  of  cross-fertilisation  between  species  is  hyhrJdi' 
satiotiy  that  is,  the  development  of  a  plant  which  combines  the 
chnracters  of  both  parent-species  to  a  certain  extent,  and  which  is 
known  as  a  bastard  or  hybrid. 
Hybrids  are  for  the  most  part 
sterile  among  themselves,  but 
are  often  fertile  when  crossed 
again  with  a  plant  of  either 
of  the  parent-species  or  of  some 
allied  species.  While  hybrids 
are  produced  with  great  ease 
in  certain  genera,  as  Salix  and 
Cirsium,  in  others  the  arti6cial 
production  of  hybrids  has  never 
yet  been  found  possible  even 
between  Terj  closely  allied 
species,  as  the  Apple  and  Pear. 

Fertilisation.  As  in  other 
plants,  so  here,  the  process  of 
fertilisation  consists  in  the  fu- 
sion of  the  male  and  female 
i*eproductive  cells.  The  way  in 
which  it  takes  place  in  Phane- 
rogams is  briefly  as  follows : — 
The  pollen-tube  makes  its  way 
to  the  female  organ,  entering 
the  neck  of  the  archegonium  in 
the  Gymnosperms,  and  coming 
into  close  relation  with  the  egg- 
apparatas  in  the  Angiosperms. 
The  apex  of  the  wall  of  the 
pollen-tube  is  at  this  time 
mucilaginous :  a  small  nu- 
cleated mass  of  p]H>toplasm,  the  male  cell  (see  p.  450),  is  forced  out 
through  the  mucilaginous  membrane,  into  the  oosphere ;  the 
nucleus  of  the  male  cell  (male  pronucleus)  and  that  of  the  female 


Fie.  iM.—BpipacU»  latifolia.  A  Lon$ri- 
tadinal  section  tbroagh  a  flower>bud.  B 
Open  flower  after  removal  of  the  periftnth, 
^ith  the  exception  or  the  labellmn,  1.  CThe 
reproductive  organs,  after  the  removal  of 
the  perianth,  »een  from  below  and  in  front. 
D  as  B :  the  point  of  a  lead-pencil  (b)  is  in- 
serted after  the  manner  of  the  proboscis  of 
an  insect.  B  and  F  The  lead-pencil  with 
the  poUinia  attached  ;fK  ovary ;  1  labeltnm, 
its  sac*like  depression  serving  asa  nectary  ; 
n  the  broad  stigma;  en  the  connective  of 
the  single  fertile  anther  ;  p  potlinia ;  h  the 
rostellum;  a*  x  the  two  lateral  staminodes  ; 
i  place  where  the  labellum  has  been  cut 
off ;  «  the  gynoeteminnu    (After  Sachs.) 
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Fia.  296.— Sections  of  ripe  seed.  A  Nux  vomica, 
shotring  B  endosperm.  B  Piper,  showinf?  both  endo- 
sperm E,  and  perisperm  P.  C  Almond,  devoid  of 
endosperm;  «  the  testa;  0  embryo;  to  its  radicle; 
c  c  its  cotyledons. 


cell  (female  pronucleus)  approach  each  other  and  fase  into  one, 
the  two  protoplasms  likewise  f  asing.  Fertilisation  is  now  com- 
plete ;  in  consequence, 
the  oosphere  surrounds 
itself  with  a  cell-wall, 
becoming  the  oospore, 
and  begins  to  develope 
into  the  embryo-sporo- 
phyte.  Further  details 
are  given  in  the  sec- 
tions on  Gymnosperms 
and  Angiosperms  respec- 
tively. 

The  Results  of  Fertilisation.  The  most  direct  result  of  fertilisa- 
tion is  the  development  of  the  embryo  from  the  fertilised  oosphere, 
a  process  which  involves  the  conversion  of  the  ovule  into  the  seed.- 
But  the  effect  of  fertilisation  is  not  limited  to  this :  other  parts 
of  the  flower  are  affected  in  such  a  way  that  they  undergo  marked 
changes  in  structure,  accompanied  by  considerable  increase  in  size, 
the  product  being  the  structure  known  a«  the  fruit  (p.  88).  In 
some  cases  the  carpels  only  are  affected,  becoming  either  fleshy 
and  succulent  {e.g.  Plum),  or  dry  and  hard  {e.g.  Poppy) ;  in  others, 
the  floral  axis  becomes  fleshy  {e.g.  Strawberry);  in  others  again 
the  perianth- leaves  also  {e.g.  Mulberry).  It  is  convenient  to 
regard  as  true  fruits  only  those  which  are  developed  from  the 
gyneeceum  alone ;  and  as  false  fruits,  or  pseudocarps,  those  in  the 
formation  of  which  other  parts  of  the  flower  or  of  the  inflorescence 
take  part. 

The  seed  (p.  88)  is  produced  from  the  ovule,  as  a  consequence  of 
the  fertilisation  of  the  female  cell  contained  within  the  ovule :  its 
characteristic  feature  is  that  it  contains  an  embryo.  The  seed 
(Fig.  295)  may  contain  little  or  nothing  but  the  embryo,  in  which 
case  it  is  said  to  be  eoralhuminous  {e.g.  Pea,  Bean,  Sunflower, 
Almond,  Oak) :  or  it  may  contain,  in  addition  to  a  small  embryo, 
a  considerable  portion  of  the  female  prothallium  (endosperm),  when 
it  is  termed  aUmminous  {e.g.  Grasses  and  most  Monocotyledons, 
Ranunculaceae) :  in  a  few  rare  cases  the  albuminous  seed  contains, 
in  addition  to  the  embryo  and  endosperm,  some  of  the  nncellar 
tissue  of  the  macrosporangium  which  is  termed  perisperm  {e.g. 
PiperaccBB,  Nympheeace©,  Zingiberaceae):  in  Canna,  Chenopodiaceffi, 
Amarantaceee,    Phytolaccaceie,  and  Nyctaginaceae,   there  is  peri- 
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sperm  but  no  endosperm  in  the  ripe  seed,  though  it  has  been 
ascertained  in  some  cases  that  endosperm  is  originally  formed. 

A  formation  of  endosperm  takes  place  in  nearly  all  seeds,  even 
exalbnminons  seeds,  but  in  these  latter  it  is  more  or  less  dis- 
organised and  absorbed  by  the  growing  embryo,  so  that  little  or 
none  remains  in  the  ripe  seed. 

Whether  the  seed  be  albuminous  or  exalbuminous,  it  contains 
(except  in  some  parasitic  or  saprophytic  plants,  such  as  Orchids, 
etc.)  a  supply  of  organic  substances  for  the  nutrition  of  the 
embryo  during  its  extra-seminal  period  of  development.  These 
substances  may  be  mainly  stored  in  the  cells  of  the  cotyledons,  as 
in  exalbuminous  seeds ;  or  in  the  cells  of  the  endosperm,  or  in 
the  cells  of  the  perisperm,  when  present,  as  in  albuminous  seeds. 
The  substances  are  nitrogenous  and  non-nitrogenous.  The  nitro- 
genous substances  are  proteids,  deposited  in  the  solid  form  as 
aleuron  (see  p.  112),  and  are  present  in  all  seeds.  The  no n- nitro- 
genous substances  are  starch,  in  the  form  of  starch-grains  (see 
p.  109),  in  starchy  seeds  (e.g.  Peas,  Beans,  Cereals,  etc.)  ;  or  fat, 
in  the  form  of  oil-drops  (see  p.  Ill),  in  oily  seeds  (e.g.  Linseed, 
Rape,  Castor- Oil  seed,  etc.). 

The  seed  is  generally  enclosed  in  a  single  integument,  the  testa, 
derived  from  the  outer  integument  of  the  ovule,  the  inner  integu- 
ment of  the  ovule  having  been  absorbed ;  sometimes,  however,  the 
seed  has  two  integuments  derived  from  those  of  the  ovule,  an 
outer  testa,  and  an  inner  endopleura  (e.g.  Euphorbiaceas,  Rosaceae) : 
in  others  again  neither  of  the  ovular  integuments  persists  into  the 
seed,  in  which  case  the  wall  of  the  embryo-sac  is  in  direct  con- 
tact with  the  wall  of  the  ovary. 

In  a  few  cases  additional  integuments  or  appendages  are  de- 
veloped in  connexion  with  the  seed,  such  new  growths  being 
designated  by  the  general  term  aril.  The  aril  may  be  developed 
from  either  the  funicle  or  the  hilum  ;  or  from  the  micropyle,  when 
it  is  distinguished  as  an  arillode.  Good  examples  of  a  funicular 
aril,  which  grows  up  round  the  seed  like  an  additional  integument, 
are  afforded  by  the  Yew,  Water- Lily  (Nymphoea),  Passion-Flower. 
The  Willow  has  a  funicular  aril  in  the  form  of  a  tuft  of  woolly 
hairs.  The  most  stnking  example  of  a  membranous  micropylar 
aril  is  the  Spindle-tree  (Euonymus) :  in  Euphorbia  and  Polygala 
the  micropylar  aril  is  a  small  muss  of  tissue,  and  in  Asclepias  it 
is  a  tuft  of  hairs.  Other  excrescences,  not  especially  connected 
with  either  the  hilum  or  the  micropyle  (sometimes  distinguished 
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as  caruncles  or  strophioles),  occur  in  certain  plants:  thus  in  the 
Violet  and  the  Celandine  (Chelidonium)  an  elevated  ridge  marks 
the  course  of  the  raphe,  and  in  the  Willow-herb  (Epilobium)  a 
tuft  of  hairs  springs  from  the  chalaza. 

The  most  important  point  to  be  considered  is,  however,  that  of 
the  structural  conditions  which  determine  the  production  of  a  seed 
in  the  Phanei'ogams,  the  feature  which  sharplj  defines  this  group 
of  plants  from  all  others.  The  structural  conditions  are  briefly  aa 
follows : — the  macrospore  (embryo-sac)  is  not  set  free  from  the 
macrosporangium  (ovule),  as  is  the  case  in  the  heterosporous 
Ptendophyta ;  nor  does  the  macrosporangium  itself  separate  from 
the  plant  producing  it  until  it  has  ripened  into  the  seed :  this 
being  so,  the  macrospore  germinates  inside  the  macrosporanginm, 
producing  there  the  female  prothallium  with  its  reproductive 
organs :  fertilisation  of  the  oosphere,  as  also  the  development  of 
the  embryo  fi-om  the  oospore,  takes  place  inside  the  macrospore ; 
and  thus  the  seed  is  formed.  If  the  macrospore  were  set  free 
from  the  macrosporangium,  no  seed  would  be  formed ;  but  in  that 
case  the  condition  of  things  would  be  that  which  actually  exists 
in  the  higher  heterospoix)us  Pteridophyta,  such  as  Selaginella. 

Some  seeds  can  germinate  as  soon  as  they  are  shed :  bnt,  for 
the  most  part,  they  only  do  so  after  a  period  of  quiescence,  though 
they  may  lose  their  germinating  power  if  this  period  be  too  pro- 
longed. 

lite  Dissemination  of  the  Seed.  Fruits  are  either  dehiscent,  so 
that  the  seeds  escape,  or  ai*e  indehiscent :  in  the  former  case  the 
seeds,  and  in  the  latter  case  the  fruits,  present  various  adaptations 
for  ensuring  their  dispersion.  The  most  conspicuous  are  those 
which  ensure  dispei*sion  by  the  wind :  of  this  nature  are  the  wing- 
like appendages  of  the  fruit  in  the  Maple,  Ash,  Ailanthus,  Elm, 
etc. ;  and  of  the  seed  of  Pinus,  Tecoma,  Catalpa,  etc. :  also  the 
hairy  appendages  of  fruits  (e.g.  the  pappus  of  Compositse,  the 
feathery  style  of  Clematis,  etc.),  and  of  seeds  (e.g.  on  those  of 
Gossypium  the  Cotton-plant,  Willow,  Poplar,  Asclepias,  etc.). 
Other  adaptations  ensure  dispersion  by  animals;  such  are  the 
hooks  on  fruits  (forming  burrs),  as  in  various  Boraginacese, 
Compositae,  Galium,  etc. :  the  succulence  and  agreeable  taste  of 
many  indehiscent  fruits  also  promotes  the  dispersion  of  the  seeds, 
the  fruits  being  eaten  by  animals  and  the  seed  being  protected 
from  digestion  by  hard  protective  tissue  either  in  the  fruit  (endo- 
carp)  or  in  the  seed-coat  (testa).     In  some  cases   (e.g.  Echallium 
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JElaterium,  the  Squirting  Cucumber;  Impaliens  noli-me'tanyere ; 
Oxalis  Acetosella;  Bura  crepitans)  the  fruit  dehisces  suddenly, 
ejecting  and  scattering  the  seeds  with  considerable  force.  Some 
fruits,  provided  with  a  long  appendage  (awn),  boi'e  their  way  into 
the  soil  (e.g.  Stipa pennatay  Erodium). 

The  Life-History  of  the  Phanerotjams  is  essentially  similar  to 
that  of  the  heterosporous  Pteridophyta,  though,  on  account  of  the 
structural  peculiarities  which  bring  about  the  formation  of  a  seed, 
it  is  not  quite  so  easy  to  trace.  The  sporophyte,  or  asexual 
generation,  is  represented  by  the  plant  itself,  bearing  macro-  and 
micro- sporangia  and  macro-  and  micro-spores.  The  gametophyte, 
or  sexual  generation,  is  represented  by  the  male  and  female  pro- 
thallia  developed  respectively  from  the  microspore  and  the 
macros  pore.  Thus  there  is  a  definite  and  regular  alternation  of 
generations,  since  the  male  and  female  prothallia  can  only  be 
developed  from  the  spores  of  the  sporophyte ;  and,  on  the  other 
hand,  the  sporophyte  can  only  be  developed  from  the  immediate 
product  of  fertilisation,  the  oospore. 

The  gametophyte  is  here  very  much  reduced,  even  more  so  than 
in  the  highest  heterosporous  Pteridophyta,  especially  as  regards 
the  female  in<lividual.  In  the  Phanei*ogams,  in  consequence  of 
the  indehiscence  of  the  macros porangium  and  of  its  remaining 
attached  to  the  plant  producing  it,  the  macrospore  germinates 
whilst  still  in  organic  connexion  with  the  spoi-ophyte,  with  the 
remarkable  consequence  that  the  female  individual  (or  pro- 
thallium)  is  actually  an  appendage  of  the  sporophyte,  and  seems 
to  be  so  much  a  part  of  it  that  its  true  morphological  significance 
is  easily  overlooked. 

The  life-history  of  these  plants  is  made  clear  by  a  morphological 
consideration,  as  indicated  in  the  following  table,  of  the  structure 
of  the  seed  : — 

Seed-coats  .  .  )  =  macros  porangium   of   parent- 

Perisperm  (if  present)  j  sporophyte. 

Endosperm .         .         .     =  gametophyte :      female     pro- 
thallium. 
Embryo    .    .         .         .     =  young  sporophyte. 

When  a  plant  perishes  after  once  producing  fiowers  and  seeds, 
it  is  said  to  be  moiiocarpous.  In  rare  cases  {e.g.  Agave  americana) 
several  or  even  many  years  elapse  before  the  plant  blooms :  more 
common  are  annual  plants  (indicated  by  the  sign  0),  i.e.  such  as 
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complete  the  whole  course  of  their  development  in  a  single  year, 
as  the  Wheat;  and  biennials,  which  do  not  blossom  until  the 
second  year  of  their  life,  when  they  perish^  as  the  Turnip,  Carrot, 
Beetroot,  etc.  By  polycarpous  plants  are  meant  such  as  produce 
flowers  and  fruit  year  after  year;  such  are  trees  and  shrubs,  as 
also  many  herbaceous  plants  which  have  underground  rhizomes, 
tubers,  etc. 

The  group  of  the  Phanerogams  falls  into  two  natui-al  divisions  ; 
the  one  containing  bat  a  single  class ;  the  other,  two  classes. 

A.  GYMNOSPERM^. 

Sporophytic  Characters,  The  ovule  is  not  enclosed  in  an  ovary, 
nor  is  there  any  style  or  stigma :  in  pollination,  the  pollen-grain 
enters  the  micropyle  and  comes  into  direct  contact  with  the 
nucellus :  the  flowers  are  never  ambisporangiate,  and  are  generally 
without  a  perianth :  there  are  no  companion-cells  in  the  phloem, 
and  the  secondary  wood  does  not  (except  Gnetacete)  contain  true 
vessels. 

Gametophytic  Characters.  The  female  prothallium  is  completely 
formed  before  fertilisation :  the  female  organ  is  generally  a  well- 
developed  archegonium. 

Class   I. — Gymnospkrmj:. 

B.  ANGIOSPERM^. 

Sporophytic  Characters.  The  ovule  is  enclosed  in  an  ovary,  and 
there  is  always  a  stigma :  the  poUen-gi^in  does  not  come  into 
direct  relation  with  the  ovule,  but  falls  upon  the  stigma  and 
germinates  there  ;  the  flowers  are  commonly  ambisporangiate  and 
possess  a  perianth :  there  are  companion-cells  in  the  phloem, 
and  the  secondary  wood  genei'ally  includes  true  vessels. 

Gametophytic  Characters.  The  female  prothallium  is  only  partly 
formed  before  fertilisation:  the  female  organ  is  a  reduced  uni- 
cellular archegonium. 

Class  I. — MoNOCOTYLEDONES.  *i'he  embryo  has  but  one  cotyle- 
don :  the  ripe  seed  is  usually  albuminous. 

Class  II. — DicoTYLEDONES.  The  embryo  has  two  opposite  coty- 
ledons :  the  ripe  seed  is  frequently  exalbuminous. 
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DIVISION  A. 

CLASS  I.~GYMNOSPERM^. 

The  plants  of  this  class  are  all  perennial  trees  and  shrabs,  for 
the  most  part  evergreen :  they  are  classified  into  the  three  natural 
orders,  CycadacesQ,  Coniferje,  and  Gnetaceae. 

The  SpoEOPffYTE. 

General  Morphology  of  the  Vegetative  Organs.  The  body  is  dis- 
tinctly differentiated  into  stem,  leaf,  and  root. 

The  Stem  grows  above  ground,  usually  erect,  but  climbs  in 
several  species  of  Gnetum :  it  is  woody,  and  is  generally  branched 
monopodially :  the  symmetry  of  the  main  stem  is  radial,  whilst 
that  of  the  branches  is  frequently  bilateral,  either  isobilateral  (e.g. 
Thuja,  phylloclades  of  Phyllocladus)  or  dorsiventral  (e.g.  Thujopsis 
dolabrata,  Abies  Nordmanniana  and  concolor^  Taxus,  Torreya,  and 
many  other  Conifer©  in  which  the  branches  are  horizontal).  The 
branches  in  many  Coniferce  (e.g.  Pinus,  Sciadopitys,  Phyllocladus, 
Larix,  Taxodinm,  Cedrus,  Ginkgo)  are  dimorphous,  being  either 
long  shoots  or  dwarf-shoots  (see  p.  39) :  in  Phyllocladus  the 
dwarf-shoots  are  developed  into  phylloclades;  in  the  other  forms 
the  dwarf -shoots  all  bear  foliage-leaves  and  fall  ofP,  sooner  or  later, 
with  the  leaves  which  they  bear:  in  Pinus  and  Sciadopitys  the 
dwarf -shoots  alone  bear  foliage-leaves,  whiJst  in  the  other  genei-a 
the  long  shoots  bear  foliage- leaves  as  well. 

The  Leaves  are  either  foliage-leaves  or  scale-leaves.  The  foliage- 
leaves  are  either  small  and  numerous,  as  in  the  Coniferse  ;  or  large 
and  few,  as  in  the  Cycadaceee,  and  as  in  Welwitschia  where  there 
are  only  two  foliage-leaves :  they  are  branched  only  in  the 
Cycadace» :  they  are  sessile  in  the  Coniferse  and  in  Welwitschia : 
their  growth  is  basal :  their  form  varies  considerably,  one  of  the 
most  peculiar  forms  being  that  characteristic  of  certain  Coniferce 
(Abietineae)  where  the  leaf  is  needle-like  (acicular)  and  either 
flattened  or  prismatic  and  augul^.  Larix,  Ginkgo,  Taxodium 
disti^hum,  and  Glyptostrobus,  are  the  only  forms  in  which  the 
leaves  fall  annually;  in  the  others  the  leaves  persist  for  two  to 
ten  years,  or,  as  in  Welwitschia,  throughout  the  life  of  the  plant. 
Foliage-leaves  are  absent  in  Phyllocladus  and  generally  in  Ephedra. 
A  certain  amount  of  heterophylly  is  observable  in  some  cases : 
thus  the  leaves  of  the  shoots  bearing  flowers  sometimes  differ  from 
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those  of  the  vegetative  shoots,  as  in  Dacrydium  cupressinum,  where 
the  leaves  of  the  fertile  shoots  are  scale-like  and  radially  arranged, 
whilst  those  on  the  vegetative  shoots  are  linear  and  are  arranged 
in  two  lateral  rows  ;  or  as  in  Seqtwia  gigantea  where  the  leaves  of 
the  fertile  shoots  are  shorter,  broader,  and  more  closely  arranged 
than  of  the  vegetative  shoots :  or  the  younger  leaves  may  differ 
from  the  older,  as,  for  instance,  in  certain  CnpressineaD  with  scale- 
like foliage-leaves,  where  the  first  foliage- leaves  of  the  young 
stem  are  acicular  (Thuja),  or  where  some  of  the  branches  bear 
acicular  leaves  (Juniperns)  :  or  in  these  same  Cupressineae  {e.g. 
Thuja)  the  leaves  borne  on  the  flanks  of  the  sboot  differ  in 
shape  from  those  on  the  upper  and  lower  surfaces,  the  latter 
being  further  distinguished  by  having  each  a  resin-receptacle  (see 
Fig.  306,  p.  486). 

Scale-leaves,  destitute  of  chlorophyll,  occur  in  nearly  all  the 
Cycadaceae,  in  most  Conifers  (absent  in  most  CupressineiB  and 
Araucanece)  and  in  Ephedra  (Gnetacead).  In  the  Cycadaceae  the 
Rcale-leaves  are  present  in  great  number,  completely  covering  the 
snrface  of  the  stem,  and  are  developed  at  the  growing- point  alter- 
nately with  the  foliage- leaves,  but  in  much  gpreater  numbers:  in 
Pinus,  Phyllocladus,  and  Sciadopitys,  the  scale-leaves  are  the  only 
leaves  borne  by  the  long  shoots;  in  Phyllocladus  and  Ephedra 
they  are  the  only  vegetative  leaves. 

The  Frimary  Boot  always  persists  as  a  tap-root. 

General  Histology.  The  Stem,  The  growing-point  of  the  stem 
generally  described  as  presenting  in  the  AbietineaD  a  well-marked 
differentiation  into  dermatogen,  periblem  and  plerome,  whilst  in 
the  other  Coniferae  the  distinction  between  periblem  and  plerome 
is  less  clear,  and  in  Ephedra  even  the  distinction  between  derma- 
togen and  periblem  is  not  definite  ;  it  has  been  asserted  from  time 
to  time,  though  without  absolute  demonstration,  that,  in  the  Cy- 
cadaceae,  the  Coniferae,  and  in  Gnetum  and  Ephedra  among  the 
Gnetaceae,  there  is  an  apical  cell,  either  three-sided  or  four-sided, 
in  the  growing-point. 

The  stem  is  monostelic :  the  stele  is  surrounded  by  a  pericycle 
which  may  be  simply  parenchymatous  (e.g,  Pinus)  or  consist  of 
thick- walled  fibres  (e.g.  Taxus) :  the  primary  vascular  bundles  are 
collateral,  are  open,  and  have  the  usual  general  structure ;  they 
are  generally  arranged  in  a  single  circle  round  the  "pith,  but  in 
Cycas  there  is  a  syst/cm  of  cauline  bundles  in  the  cortex,  in 
Encephalartos  there  is  a  similar  system  in  the  pith,  and  in  Welwit- 
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Bchia  there  are  apparently  both  a  cortical  and  a  medullary  system. 
Secondary  g^wth  in  thickness  takes  place  as  a  rale  by  means  of 
a  normal  cambinm-ring ;  but  in  some  cases  the  activity  of  the 
normal  cambium  is  short-lived,  and  a  new  merismatic  layer  is 
developed  in  the  pericycle ;  thus  in  Cycas,  Encephalartos,  and 
species  of  Gnetum,  the  merismatic  layer  resembles  the  true 
cambium  in  that  it  forms  wood  internally  and  bast  externally, 
and  in  these  plants  successive  merismatic  layers  are  formed; 
in  Welwitschia  the  merismatic  layer  forms  vascular  bundles 
and  ground- tissue  internally,  and  cortex  externally,  and  persists 
throughout  the  life  of  the  plant.  In  the  CycadacesB  and  Conifer®, 
the  secondary  wood  consists  exclusively  of  tra^heides  with  rounded 
or  elongated  bordered  pits  (scalariform  tracheides)  and  of  paren- 
chymatous medullary  rays,  but  true  vessels  are  formed  in  the 
Gnetacese ;  the  secondary  bast  has  generally  the  normal  structure, 
but  in  some  cases  (Abietinefle)  it  has  no  bast-fibres. 

The  Foliage-leaf  is  characterised  by  its  well-developed  epidermis 
the  cells  of  which  are  fibrous  (Pinus,  Torreya) :  the  stomata 
are  always  depressed  below  the  surface,  and  are  borne  usually  on 
the  under  surface  only,  when  the  leaf  is  flat  (e.g.  Cunninghamia, 
Abies,  Taxus,  Ginkgo,  etc.),  or  on  both  sides  (some  Araucarias, 
Podocarpus),  or  on  the  upper  side  only  (Juniperns),  but  on  all 
sides  when  the  leaf  is  acicular  (e.g.  Pinus,  Picea,  etc.) :  the 
epidermis  is  supported  by  a  hypodermal  layer  of  fibrous  scleren- 
chymatous  cells ;  when  the  leaf  is  flat,  the  mesophyll  is  more  or 
less  clearly  differentiated  into  palisade  and  spongy  tissue,  bat 
when  it  is  acicular  the  mesophyll  is  uniform  throughout,  consisting 
of  parenchymatous  cells  with  curiously  infolded  walls  :  the  acicular 
leaves  (Abietineee)  have  a  single  central  vase  alar  strand  en- 
closing two  bundles  which  give  ofE  no  branches ;  in  the  flattened 
leaves  there  may  be  several  ribs  which  either  do  (e.g.  Ginkgo)  or  do 
not  (e.g.  Dammara,  Araucaria)  branch  in  the  lamina,  and  in  all 
these  cases  the  bundles  end  blindly ;  in  Gnetum  the  leaf,  and  in 
Stangeria  the  leaf -pinna,  has  a  midrib  and  pinnate  venation ;  the 
multicostate  leaf  of  Welwitschia  has  parallel  venation.  A  remark- 
able feature  in  the  structure  of  the  leaf  is  the  presence,  in  all  the 
genera,  of  a  tissue,  termed  trafisfusion-tissue  (p.  169),  which  consists 
of  parenchymatous  cells,  some  of  which  contain  no  protoplasm  and 
have  pitted  walls,  being  in  fact  tracheides,  whilst  others  con- 
tain protoplasm  and  have  unpitted  walls:  in  the  Abietineas  this 
tissue  is  a  development  of  the  pericycle  of  the  vascular  strand. 
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and  is  snrrounded  by  a  well-marked  endodermis ;  in  the  other  genera 
it  appears  to  be  specially  differentiated  mesophy  11  frequently  (e.g. 
Cycas,  Podocarpns,  Cephalotaxos)  consistinp^  of  cells  elongated 
transversely  to  the  long  axis  of  the  leaf :  the  nse  of  the  trans- 
fasion-tissne  is  to  compensate  for  the  absence  of  a  much-branched 
vascular  system  in  the  leaf,  the  tracheidal ,  cells  serving  to  distri- 
bute water  from  the  xylem  of  the  bundles  to  the  'mesophy  11,  the 
other  cells  serving  to  convey  organic  substances  formed  in  the 
mesophyll  to  the  phloem  of  the  bundles. 

The  Boot  grows  in  length  by  means  of  a  growing-point  differen- 
tiated into  dermatogen,  plerome  and  periblem,  and  root-cap  as  in 
Dicotyledons  (see  p.  154)  ;  there  are  commonly  two  xylem-bnndles 
in  the  stele :  the  cambium-ring  is  formed  in  the  usual  way :  the 
phellogen  is  derived  from  the  pericycle  ;  in  many  cases  the  cortical 
cells,  other  than  those  of  the  endodermis,  show  thickenings  on 
their  radial  walls  similar  to  those  of  the  endodermis- cells ;  this  is 
either  confined  to  a  single  (penultimate)  layer  of  the  cortex  {e.g. 
Cupressus,  Thuja,  Biota,  Taxus,  Cephalotaxus,  Ginkgo),  or  it 
extends  to  several  layers  (e.g.  Sequoia,  Taxodium,  Juniperus, 
Araucaria)  :  the  epiblema  is  generally  devoid  of  root- hairs,  but 
these  are  abundant  in  Taxus. 

General  histological  peculiarities.  In  all  the  Coniferae,  except 
Taxus,  resin-ducts  (see  p.  139)  are  present:  they  are  always  to  be 
found  in  the  leaves  and  in  the  cortex  of  the  stem,  sometimes  also 
in  the  pith  of  the  stem  (Ginkgo),  in  the  primary  wood  (Pinus, 
Larix),  or  in  the  primary  bast  (Araucaria) ;  they  are  absent  from 
the  root  in  many  genera  (Cryptomeria,  Taxodium,  Podocarpns, 
Dacrydium,  Tsuga,  Cunninghamia,  Ginkgo),  and  when  present 
they  never  occur  in  the  cortex,  but  are  situated  in  the  primary 
wood  (Pinus,  Larix),  in  the  primary  bast  (Araucaria),  or  as  a  single 
canal  in  the  centre  of  the  conjunctive  tissue  (Cedrus,  Abies,  Pseu- 
dolarix):  they  are  formed  also  in  the  secondary  wood  (Pinus, 
Picea,  Larix)  or  in  the  secondary  bast  (Cupressus,  Thuja,  Arau- 
caria) of  both  stem  and  root.  Mucilage-ducts,  resembling  the 
resin-ducts  of  the  Coniferse,  occur  in  the  cortex  of  the  stem  in  the 
Cycadaceae. 

The  bast  of  the  Gymnosperms  resembles  that  of  the  Pterido- 
phyta,  and  differs  from  that  of  the  Angiosperms,  in  that  it  contains 
no  companion-cells  (see  p.  137),  the  function  of  these  cells  being 
performed  by  certain  cells  belonging  either  to  the  medullary  rays 
(Abietineae,  some   CupressineaB   and   Taxodineas)  or  to  the  bast- 


Digitized  by 


Google 


GROUP   lY. — PHANEEOGAMIA  :   GYMNOSPERM*.  467 

parenchyma  (AraucarineeB,  Taxoideae,  some  Capressineae  and  Taxo- 
dineae,  the  CjcadaceaB  and  Gnetaceee). 

A  remarkable  feature  in  the  histology  of  Welwitschia  is  the 
presence  in  the  gronnd-tissne  of  large  thick-walled  fibrous  cells, 
called  spicular  cells,  in  the  walls  of  which  crystals  of  calcium 
oxalate  are  deposited ;  the  occurrence  of  these  crystals  in  the  cell- 
walls  is  common  throughout  the  class  (Fig.  65). 

The  Qeneral  Morphology  of  the  Reproductive  Organs,  The  repro- 
ductive organs  are  micros porangia  (pollen-sacs)  and  macrosporangia 
(ovules)  :  the  microsporangia  are  always  borne  on  sporophylls,  but 
the  macrosporangia  are  sometimes  borne  directly  on  the  axis 
{e,g,  macrosporangia  of  Taxees  and  of  the  GnetaceeB)  :  they  are 
developed  on  distinct  shoots,  and  frequently  on  distinct  plants 
(e.gr.  Cycadacese:  some  Coniferee,  such  as  most  Araucarinese  and 
Taxeae;  GnetacesB  generally). 

Certain  shoots  are  more  or  less  clearly  differentiated  ba  flowers  \ 
the  only  exception  being  Cycas  in  which  thei-e  is  no  proper  macro- 
sporangiate  flower.  The  flower  is  always  monosporangiate :  its 
structure  varies  widely ;  it  may  consist  merely  of  a  terminal 
sporangium  invested  by  a  few  small  bracts  (e.gr.  macrosporangiate 
flower  of  Taxeae) ;  of  a  terminal  sporangium  with  a  rudimentary 
perianth  (macrosporangiate  flower  of  Gnetacae);  of  one  or  more 
sporophylls  borne  on  a  short  axis  and  surrounded  by  a  perianth 
(microsporangiate  flower  of  Gnetaceee)  ;  or  of  a  larger  or  smaller 
number  of  sporophylls  arranged  on  an  elongated  axis,  the  whole 
forming  a  cone. 

In  the  Gnetaceae  the  flowers  are  arranged  in  spicate  inflor- 
escences, and  are  situated  in  the  axils  of  bracts  which  are  more 
highly  developed  in  this  order  than  in  any  other  Gymnosperms. 

The  Sporophylls  are  of  two  kinds,  distinguished  by  the  nature 
of  the  sporangia  which  they  respectively  bear,  as  microsporophylls 
and  macrosporophylls.  When  the  flower  is  a  cone,  the  sporophylls 
have  a  general  resemblance  to  scaly  leaves :  in  other  flowers 
(Taxeae,  Cycas,  Gnetaceae)  they  have  various  and  specialised 
forms. 

The  microsporophyll  (stamen)  occurs  in  its  simplest  form  in  the 
Cycadaceae,  whei*e  it  is  a  large  stout  scale  bearing  usually  an  in- 
definite number  of  microsporangia  on  its  under  surface.  In  some 
of  the  Coniferae  (e,g.  Pinus),  the  microsporophyll  essentially  re- 
sembles that  of  the  Cycadaceae,  though  it  is  much  smaller  (in 
proportion  with  the  smaller  flowers)  and  bears  only  two  micro- 
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8poi«,ngia.  In  the  other  Conifer®  the  microsporophylls,  bearing 
2-15  sporangia,  show  more  or  less  distinct  differentiation  into 
a  stalk  bearing  a  terminal  leafy  expansion,  nntil,  in  Taxns,  a 
stage  is  reached  where  the  microsporophyll  consists  of  a  stalk 
bearing  a  peltate  lamina,  on  the  under  surface  of  which  the  spor- 
angia are  developed.  In  other  words,  the  microsporophyll  con- 
sists of  a  filament  bearing  a  sorus  of  sporangia  which  constitutes 
an  anther  (see  p.  4?32).  In  all  cases  the  microsporangia  are 
developed  on  the  morphologically  under  (dorsal)  surface  of  the 
sporophyll. 

The  gradual  differentiation  of  the  microspoi-ophyll,  which  can  be 


Fig.  206.— il  MicroBporophjUar7(orstaiDinRl) 
flower  of  Ahin  pecCtnata ;  b  scaly  bracts ;  a  mi- 
crosporoptayll  with  two  microsporaDfria  (pollen- 
pacs).  B  Microspore  (pollen-fnrain)  (highly 
msg.) ;  e  exine  expanded  into  two  hollow  vesicles 
11) ;  y  male  prothalliam.    (After  Bachs.) 


Fig.  297.— Pt'niM  tyltwirit  (x7:  after 
Strasburger).  Macronporophyll  b,  bear- 
ing on  iu  upper  sarfaoe  the  placental 
scale  /r,  which  bears  two  ovnles  t  at  its 
base;  c  apopbysial  projection  of  the 
placental  scale ;  m prolonged  integument 
of  the  ovule  within  which  pollen-grains 
have  lodged. 


traced  in  the  Coniferae,  leads  on  to  the  more  complete  differen- 
tiation and  specialisation  which  obtains  in  the  Gnetaceae^  and  in 
the  Angiosperms.  In  Gnetum,  however,  there  are  no  microsporo- 
phylls. 

The  macTOsporophyll  (carpel)  appears  in  a  simple,  yet  typical, 
form  in  Cycas  (see  Fig.  303),  the  one  Gymnosperm  which  has  no 
distinct  macrosporangiate  flower.  Here  the  carpels  are  essentially 
similar  to  the  foliage-leaves,  though  they  are  smaller,  of  a  yellow 
colour,  and  of  a  somewhat  different  form  :  they  are,  in  fact,  de- 
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Teloped  at  the  growing-point  of  the  stem  in  the  place  of  a  whorl 
of  foliage-leaves.  The  few  sessile  macrosporangia  are  borne 
laterally  on  the  lower  part  of  the  sporophyll. 

In  the  other  Cycadacese,  the  macrosporophyll  is  a  stoat  scaly 
leaf,  thickened  at  its  outer  end,  beai'ing  nsnally  two  lateral  ovules, 
one  on  each  side. 

In  the  Coniferro,  the  simplest  form  of  macrosporophyll  is  to  be 
found  in  Dammara  (Araucarineee),  for  instance,  where  it  is  simply 
a  scaly  leaf  bearing  a  single  macrosporanginm  on  its  upper  surface : 
in  other  forms  the  superior  surface  of  the'  macrosporophyll  is 
clearly  marked  out,  by  outgrowths  of  various  kinds,  into  an  apical 
and  a  basal  half,  the  latter  alone  bearing  the  (1-7)  macrosporangia 
(e.g.  Taxodinece,  CupressineeB):  in  the  Abietineee  (Pinus,  Larix,  etc.) 
the  sporangiferous  structure  of  the  preceding  families  is  developed 
from  the  base  of  the  carpel  as  a  placental  scale^  which  is  much 
larger  than  the  carpel  itself,  and  bears  the  two  macrosporangia  on 
its  upper  surface.  In  most  Podocarpeee,  the  macrosporophyll  is 
likewise  differentiated  into  an  apical  and  a  basal  half,  the  latter 
being  much  thickened,  bat  here  it  is  the  apical  portion  which  bears 
the  single  macrosporanginm.  In  the  Taxe©  the  macrosporophylls 
are  rudimentary  {e.g.  Phyllocladas,  Cephalotaxus)  or  absent  {e.g. 
Torreya,  Taxus) ;  even  when  present  they  do  not  bear  the  macro- 
sporangia. 

In  the  GnetacesB  there  are  no  macrosporophylls. 
The  mtcrosporangia  (pollen-sacs)  are  borne,  in  nearly  all  cases, 
on  the  lower  (dorsal)  surface  of  a  sporophyll;  they  may  be 
numerous  (about  1,000)  as  in  some  CycadaceoB ;  or  few  (2-15)  in 
the  Conifer®  and  Gnetacete :  scattered  (some  Cycads),  or  more 
commonly  grouped  into  one  or  more  sori,  with  more  or  less  well- 
developed  placental  tissue ;  either  imbedded  in  the  tissue  of  the 
sporophyll  {e.g.  Abietinese),  or  freely  suspended  {e.g.  Araucaria, 
Ginkgo)  :  in  the  Cupressineae,  the  sporangia,  when  young,  are 
covered  by  an  outgrowth  of  the  under  surface  of  the  spoi-ophyll 
which  is  comparable  to  the  indusium  of  Ferns.  In  Gnetum,  as 
there  is  no  microsporophyll,  the  two  microsporangia  are  borne  on 
the  apex  of  the  floral  axis. 

The  structure  of  the  microsporangium  is  simple  :  it  is  unilocu- 
lar ;  it  contains,  at  an  early  stage,  a  mass  of  spore-mother-cells 
derived  from  the  archesporium,  surrounded  by  a  layer  of  tapetal 
cells  also  derived  from  the  archesporium,  and  by  a  wall  consist- 
ing of  one,  two,  or  more,  layers  of  cells :  each  spore-mother-cell 
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gives  rise  to  four  microspores,  which  are  nsnally  tetrahedral, 
bnt  bilateral  in  the  Cjcads.  The  dehiscence  is  generally  longi- 
tudinal. 

The  microspores  (pollen-grains)  present  no  special  features  be- 
yond the  fact  that  in  some  genera  of  Coniferae  (e.g.  most  Abietineae 
and  PodocarpesB)  the  exine  is  dilated  into  two  hollow  expansions 
which  lighten  the  pollen-grains  and  facilitate  their  dispersal  by 
the  wind. 

The  macrosporangia  (ovules)  are  borne  either  terminally  on  a 
floral  axis  (e.g,  TaxeaB,  Gnet-aceeB),  or  on  the  npper  surface  of  a 
raacrosporophyll ;  on  the  floral  axis  they  are  borne  singly,  on  the 
sporophylls  their  number  varies  (1-7)  :  they  are  orthotropous  and 
sessile,  the  micropyle  being  directed  either  towards  the  axis  of  the 
cone  (in  Abietineae,  Podocarpeee),  or  away  from  it  (Cupressineae)  : 
they  have  a  single  integument,  though  in  some  genera  (most 
Taxoideoe)  an  arillus  is  eventually  developed.  The  macrospo- 
rangia areindehiscent. 

The  archesporinm  consists  of  one  or  more  hypodermal  cells  of 
the  micropylar  end  of  the  nucellus :  from  the  archesporium  the 
sporogenous  cells  are  developed,  as  also  tapetal  cells.  By  the 
formation  of  several  layers  of  tapetal  cells,  and  also  by  the  re- 
peated periclinal  division  of  the  micropylar  epidermis,  the 
Rporogenous  cells  come  to  be  deeply  placed  in  the  nucellus,  being 
surmounted  by  a  considerable  mass  of  nucellar  tissue  which,  in  the 
CycadaceeB,  is  hollowed  out  at  the  apex  to  form  the  pollen-chamber. 
There  may  be  a  considerable  mass  of  sporogenous  cells  (Cycadaceoe, 
etc.,  see  p.  438),  a  condition  which  recalls  that  in  the  higher 
Pteridophyta,  or  there  may  be  a  single  sporogenous  cell  (Abietineoe). 
The  sporogenous  cell,  or  one  of  the  sporogenous  cells,  grows 
rapidly,  causing  the  absorption  of  the  adjacent  cells,  and  is  the 
mother-cell  of  the  macrospore :  in  some  cases,  where  there  are 
many  sporogenous  cells,  several  of  them  may  begin  to  grow  in  this 
way,  bat  as  a  rule,  one  gains  the  upper  hand  so  that  eventually 
only  one  mother-cell  is  present. 

The  macrospore  (embryo-sac)  is  developed  singly  in  the  macro- 
sporangium,  by  the  growth  and  maturation  of  the  mother-cell 
which  does  not  undergo  division  into  four  as  in  the  Pteridophyta. 
In  the  Cycadaceee  the  wall  of  the  macrospore,  like  that  of  spores 
generally,  is  differentiated  into  two  layers,  the  outer  of  which  is 
cuticularised. 

Pollination.     The  microspores  are  conveyed  by  the  wind  from 
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the  microsporangiate  to  the  macrosporangiate  flowers,  the  Gym  no- 
sperms  being  anemophilous,  and  they  come  into  direct  relation  with 
the  micropyle.  In  the  case  of  cone-flowers,  the  scales  separate  at 
the  time  of  pollination,  to  permit  of  the  pollen-grains  being  blown 
in  between  them.  The  micropyle  of  the  ovule  secretes  a  mucila- 
ginous liquid  which  catches  one  or  more  of  the  pollen-grains  :  by 
the  gradual  evaporation  of  this  liquid,  the  pollen-grain  is  drawn 
down  the  micropyle  and  is  lodged  on  the  apex  of  the  nucellus, 
where  it  germinates. 

Emhryogeny  of  the  Sporophyte,  The  Gymnosporms  are  all  mero- 
blastic  and  have  a  suspensor,  with  the  single  exception,  in  both 
respects,  of  Ginkgo :  they  are  frequently  poly  embryonic  (most 
CupressinesB,  AbietinesB,  and  Gnetacece). 

The  most  peculiar  type  of  development  is  that  which  is  char- 
acteristic of  the  Cycadaceae,  of  Ginkgo  among  Coniferoe,  and  of 
Ephedra  among  GnetaceaB.  In  these  plants  the  germination  of 
the  oospore  begins  with  repeated  nuclear  division  followed  by 
free  cell-formation  which  leads,  in  the  Cycadaceae,  to  the  production 
either  of  a  layer  of  cells  round  the  wall  of  the  archegonium  (Cycas), 
or  of  a  mass  of  cells  occupying  its  lower  end  (Ceratozamia),  a 
considerable  cavity  being  left  vacant  in  both  cases :  in  Ephedra, 
several  (2-8)  loose  spherical  cells  are  formed  in  a  similar  manner, 
in  the  oospore,  each  with  its  own  proper  wall ;  and  in  Ginkgo,  it 
becomes  completely  filled  with  a  mass  of  cells  forming  a  compact 
tissue.  In  the  Cycadaceae,  the  embryonic  cells  at  the  lower  end  of 
the  oospore  grow  out  into  the  endosperm,  forming  a  suspensor  at 
the  free  end  of  which  the  body  of  the  embryo  is  developed.  In 
Ephedra,  each  of  the  cells  elongates  into  a  suspensor  which  grows 
out  into  the  endosperm  and  produces  an  embryo.  In  Ginkgo,  the 
mass  of  cells  constitutes  the  embryo  itself ;  there  is  no  suspensor, 
but  the  embryo,  in  the  course  of  its  growth,  breaks  out  of  the 
archegonium  into  the  endosperm.  In  the  Coniferae  (except  Ginkgo) 
the  type  of  development  is  essentially  the  same  throaghout,  though 
with  slight  variations.  In  the  Abietineae  the  nucleus  of  the  oospore 
descends  towards  the  lower  end  of  the  cell,  and  divides  into  two, 
and  each  of  these  again  into  two ;  cell- formation  takes  place,  walls 
being  formed  in  two  planes  at  right  angles  to  each  other,  so  that  the 
lower  end  of  the  oospore  is  occupied  by  a  group  of  four  cells  lying 
in  one  plane;  these  cells  then  divide  by  transverse  walls,  so  that  three 
tiers  of  four  cells  each  are  formed ;  of  these,  each  cell  of  the  middle 
tier  grows  out  into  a  long  unicellular  suspensor  ;  those  of  the  upper 
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tier  simply  maintain  the  connexion  of  the  snspensors  with  the 
rest  of  the  oospore  ;  those  of  the  lowest  tier,  whilst  also  contribn- 
ting  to  the  snspensors,  each  give  rise  to  an  embryo  from  the  cells 


I) 


Fio.  298.— Fertilisation,  and  early  stages  in  the  embrjogeny,  of  Fiow.  wteUa.  (x90; 
after  Strasbnrger).  A  Oosphere,  with  nucleus  on,  and  canal-cell  cl.  B  Fertilisation  in  pro- 
gre»s :  p  pollen-tube ;  «n  nucleus  (male  pronucleus)  of  the  male  cell  now  in  the  oosphere ; 
on  female  pronucleus.  C  Fusion  of  male  and  female  pronucleL  D  Commencing  cell-forma- 
tion at  the  chalazal  end  of  the  oospore ;  £  a  further  stage :  F  three  tiers  of  four  cells  each 
have  been  formed :  Qt  the  cells  of  the  middle  tier  have  elongated  into  suspensors,  bearing 
the  single  embryo  at  their  lower  end. 


at  the  base  of  which  one  or  more  embryonal  tubes  are  developed 
which  grow  backward  along  the  snspensor.  Picea  exceUa  departs 
from  this  type  in  that  the  snspensors  remain  coherent,  bearing  at 
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Fio.  S09.— L%ter  stages  in  the  smbryogeny  of  the  sporophyte  of  Picea  txe«l$a  (after 
Straeburger) .  A  Optical  section  of  yoang  embryo  borne  on  the  end  of  the  snspensors  (  x  240) : 
B  older  embryo,  with  suspensor  and  embryonal  tabes ;  nt  this  stage  the  growing-points  of 
primary  root  and  stem  are  already  differentiated :  C  half-grown  embryo  in  sarface-view : 
D  longitudinal  section  of  a  half-grown  embryo :  B  sarftuse-view  of  the  apex  of  the  shoot  of 
this  embryo  (x27):  F  longitudinal  section  of  a  fally  developed  embryo  in  a  ripe  seed;  c 
cotyledons;  h  hypoctyl;  pi  apex  of  the  plerome  in  the  root;  ep  root-cap ;  m pith;  op  pro- 
cambial  ring. 
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their  end  the  cells  of  the  lowest  tier  which  develope  into  bnt  a 
single  embryo,  whereas  in  the  tjpical  Abietineee  four  embryos 
originate  from  each  oospore. 

Among  the  CupressinesB,  the  first  step  is  the  formation  of  three 
cells  one  above  the  other  at  the  lower  end  of  the  oospore :  in 
Thuja  occidentnlis  only  the  two  upper  cells  undergo  longitudinal 
divi^on,  and,  consequently  (as  in  Picea  excelm)  only  a  single 
embryo  is  developed  from  each  oospore :  in  Jnniperus,  all  three 
cells  undergo  longitudinal  division,  so  that  four  embryos  are  here 
developed  from  each  oospore.  In  this  group  the  cells  of  the 
uppermost  tier  elongate  to  form  the  suspensors :  those  of  the 
middle  tier  contribute  to  the  length  of  the  suspensors,  and  also 
give  rise  to  short  embryonal  tubes  which  invest  the  suspensor  for 
some  distance,  as  also  the  base  of  the  embryo :  the  cell  or  cells 
of  the  lowest  tier  give  rise  to  the  embryo  (Thuja)  or  embryos 
(Juniperus). 

In  the  TaxeaB,  as  represented  by  Taxus  and  Cephalotaxus,  the 
embryogeny  closely  resembles  that  of  Thuja,  though  there  is  not 
the  same  degree  of  constancy  ;  two  or  three  tiers  of  cells,  varying 
in  number,  are  formed  at  the  lower  end  of  the  oospore;  of  these, 
the  uppermost  tier  (Taxus)  or  second  tier  (Cephalotaxus)  grow  out 
into  the  (usually  six)  suspensors ;  those  of  the  lower  or  lowest  tier 
form  the  single  embryo  and  the  embryonal  tubes. 

The  embryogeny  of  the  Gnetaceous  genera  Gnetum  and  Welwit- 
schia  is  peculiar :  in  Welwitschia  the  oospore,  whilst  still  enclosed 
in  the  wall  of  the  archegonium,  undergoes  a  transverse  division  at 
its  base,  which  cuts  off  a  small  flat  cell  as  the  embryo-cell ;  the 
wall  of  the  archegonium  continues  to  grow,  and  forms  the  sus- 
pensor ;  the  embryo-cell  gives  rise  to  the  single  embryo  and  to  a 
number  of  embryonal  tubes  which  invest  the  lower  portion  of  the 
suspensor:  in  Gnetum,  so  far  as  the  embryogeny  is  known,  it 
appears  that  an  embryo- cell  is  formed  at  the  end  of  the  suspensor, 
as  in  Welwitschia,  from  which  the  embryo  and  the  embryonal  tubes 
are  also  developed  ;  the  suspensor  appears  to  branch,  each  branch 
bearing  an  embryo. 

The  growing-point  of  the  stem  is  developed  at  the  anterior  end 
of  the  embryo:  two  species  of  Coniferce  (Cephalotaxus  Fortunei, 
Araucarta  brasiliana)  present  the  peculiarity  that  the  growing- 
point  is  not  quite  terminal,  but  is  covered  by  a  small  group  of  cells 
which  are  subsequently  thrown  off :  in  some  cases  (Cupressine©, 
Pinus  StrobuSy  apparently  Taxus  and  Gnetum,  and  occasionally 
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Ephedra),  there  is  a  two-sided  apical  cell  in  the  growing-point  at 
its  first  development. 

The  cotyledons  vary  in  n amber  :  one,  in  Ceratozamia,  and  some- 
times in  other  Cycadaceee ;  two,  in  the  Cycadaceee  generally,  in 

the  Cupressineas 
generally,  in  some 
Araucarias,  in  the 
TaxoidesB,  and  in 
I  the    GnetacesB ;     in 

the  CupressineoB 
sometimes  3-5 ;  in 
the  TaxodineeEj  4-9 ; 
in  the  Abietineae 
5-15.  The  cotyle- 
dons are  generally 
^  epigean:     they    are 

hypogean  in  the  Cy- 
cadacees,  as  also  in 
Arancaria  (sect. 
Colymbea)  and  in 
Ginkgo  among  the 
ConifersB:  in  the 
CycadacesB,  and  in 
Ginkgo,  the  two  hy- 
pogean cotyledons 
are  closely  coherent 
at  the  apex,  whereas 
in  these  Araucarias 
the  cotyledons  are 
free. 

The  growing- 
point  of  the  root  is 
in  all  cases  differen- 
tiated endogenonsly, 
at  some  distance 
from  the  posterior 
end  of  the  embryo. 

The  Gametophyte. 
— As  the  Gymno- 
sperms  are  hetero- 
sporous,   the   sexual 


c    e    D 
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Fio.  300.— Germinatiug  seeds  of  Pinu*  Ptn«a:  I  first 
ilage,  in  longitadinal  section :  11  second  stage,  with  pro- 
trading  radicle ;  A  external  view ;  B  view  after  removal  of 
half  the  seed-coat ;  C  longitudinal  section,  withont  seed- 
coat;  1>  transverse  section,  without  seed-coat;  111  ger- 
mination is  here  completed,  the  cotyledons  having  expanded, 
and  the  hypoootyl  elongated :  «  seed-coat ;  «  endosperm ;  to 
radicle ;  e  cotyledons ;  y  micropyle ;  r  red  membrane  (re- 
I  of  nacellos) ;  x  the  embryo-sac. 


Digitized  by 


Google 


476  PAUT   III. — THE   CLASSIFICATION   OF    PLANTS. 

generation    is  represented   by  two  individuals,    a   male    and    a 
female. 

The   Male    Individual  is   a  prothalliam    developed  from    the 


Fig.  301.— X  Lonfotadinal  section  of  the  micropylar  portion  of  the  female  prothaUiam  of 
Picea  exceUa  showing  two  archegonia  ( x  100) :  c  neck  of  archegonium  ;  cl  canal>cel1. 
B  Surface-view  of  unopened  neck  of  an  archegonium  ( x  260).  C  PoIIen-tube  penetrating 
to  the  oosphere  through  the  neck  of  the  archegonium  (  x  260).    (After  Siraeburger.) 

microspore  as  described  on  p.  448.     It  consists  of  two  or  more 
cells,  one  of  which  grows  out  into  a  pollen- tube  (see  Fig.  290). 
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The  male  organ  is  a  radimentary  aDtherldium  consisting  of  two 
cells,  the  stalk-cell  and  the  generative  cell. 

The  male  cell  is  derived  from  the  generative  cell  of  the  an- 
theridium  which  travels  into  the  pollen -tube  (see  Fig.  289)  ;  this 
cell  undergoes  division  into  two  similar  cells,  near  the  apex  of 
the  pollen-tube,  both  of  which  are,  as  a  rule,  functional  male  cells 

equivalent  to  spermatozoids ;  in 
TaxQS,  however,  the  two  cells 
differ  in  size,  and  it  is  only  the 
larger  one  that  is  a  f anctional 
male  cell.  The  male  cell  is  of 
somewhat  spherical  or  oval 
form.  When,  as  in  Jnniperas, 
and  other  CupressinesB,  several 
archegonia  are  fertilised  bj 
means  of  a  single  poll  en- tube, 
repeated  cell-division  takes 
place  in  the  pollen-tube. 

The  Female  Individual  is  a 
pi-othallium  (sometimes  called 
endosperm)  developed  within 
the  macrospore.  The  germina- 
tion of  the  macrospore  begins 
with  the  division  of  its  nucleus ; 
nuclear  division  is  repeated 
until  a  large  number  of  nuclei 
are  formed,  lying  in  the  parietal 
protoplasm  of  the  spore;  free 
cell-formation  then  takes  place, 
walls  being  formed  between  the 
cells  so  that  the  interior  of  the 
macrospore  is  lined  by  a  layer 
of  cells  which  grow  and  divide 
until  the  cavity  of  the  macro- 
spore is  entirely  filled.  It  is 
characteristic  of  Gymnosperms 
that  the  development  of  the 
pro  thallium  is  uninterrupted, 
and  that  it  is  completed,  except  in  Gnetum,  before  the  female 
organs  are  developed  and,  consequently,  before  fertilisation  can 
have  taken  place. 


Fio.  302.— Fertilisation  of  two  archegonia 
by  means  of  a  single  pollen-tube  in  Juntp«- 
rut  virginiana  (  x  230 :  after  Strasburger) :  « 
prothallial  tissue ;  r  neck  of  archegonium ; 
n  nucleus  in  the  pollen-tube ;  tnp  male  pro- 
nnoleas,  fp  female  pronucleus,  in  the 
oosphere;  v  vacaole  in  the  oosphere;  o$ 
lower  part  of  oosphere. 
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The  female  prothallium  is  a  mass  of  paronehjmatoTis  tissne, 
which  does  not,  as  a  rule,  escape  to  any  extent  from  the  spore, 
and  which,  in  consequence  of  the  exclusion  of  light,  is  destitute 
of  chlorophyll ;  the  only  exception  to  this  rule  is  offered  by  the 
Cycadaceee  where,  if  the  female  organ  is  not  fertilised,  the  pro- 
thallium,  resuming  its  growth,  protrudes  through  the  micropyle 
and  turns  green  in  the  light. 

The  female  organ  is  an  archegonium,  and  is  developed  from  a 
single  superficial  cell  of  the  female  prothallium  at  its  micropylar 
end.  The  mother-cell  generally  divides  transversely  into  two ; 
an  upper,  the  neck-cell ;  a  lower,  the  central  cell :  the  neck-cell 
usually  divides,  by  two  vertical  walls,  into  four  cells,  which  form 
the  neck ;  the  central  cell  grows,  and  divides  transversely  at  its 
upper  end  so  as  to  cut  off  a  small  cell,  the  canal-cell,  which  lies 
in  the  canal  formed  by  the  separation  of  the  neck-cells,  and  a 
large  cell  which  is  the  female  cell  or  oosphere  (Figs.  301,  302). 

The  most  striking  deviations  from  the  development  of  the  arohegonium,  as 
described  above,  are  the  following :  the  mother-cell  does  not  divide  bat  becomes 
the  central  cell  uf  a  neckless  archegonium,  either  with  a  cell-wall  (Welwitsohia) 
or  without  a  cell-wall  (Onetam);  the  neck  cell  remains  undivided  {T»vga  cana- 
den$U) ;  the  neok-cell  divides  only  once,  longitudinally,  so  that  the  neck  con- 
sists of  two  cells  {e.g,  Gycadaceffi,  Ginkgo) ;  by  a  third  vertical  division  of  the 
neck-cell,  the  neck  comes  to  consist  of  eight  cells,  all  in  one  plane  (some 
Cupressinese) ;  by  one  or  more  transverse  divisions,  the  neck  consists  of  two 
or  more  tiers  of  cells  (e.g,  Pinui  Pi  natter  with  four  cells  in  each  tier ;  Pieea 
exceUa  with  eigth  cells  in  each  tier). 

The  number  of  archegonia  developed  on  the  female  prothallinm 
varies  from  a  small  number  (3-5)  in  the  Abietineas,  to  a  large 
number  (20-60)  in  Welwitsohia  and  Gnetum.  The  archegonia 
are  either  scattered  (Abietinese),  or  in  a  group  (CupressinesB)  : 
when  scattered,  the  central  cells  are  surrounded  by  a  layer  of 
small  cells  belonging  to  the  prothallium ;  when  in  a  group,  the 
central  cells  are  in  actual  contact  and  have  a  common  investment 
of  small  cells. 

In  Welwitsohia,  the  unicellular  archegonia  grow  out  into 
filaments,  at  the  upper  end,  which  make  their  way  through  the 
tissue  of  the  nucellus  toward  the  micropyle. 

The  female  cell  or  oosphere  is  a  relatively  large  nucleated  cell, 
the  protoplasm  of  which  is  so  highly  vacuolated  that  it  presents  a 
frothy  appearance. 

Fertilisation,     When  the  microspore  has  reached  the  apex  of 
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the  nucellns,  it  developes  a  pollen-tube  which  penetrates  the  tissue 
of  the  nucellns,  making  its  way  to  the  archegonia  which  have 
been,  or  are  being,  developed  on  the  prothalliam  inside  the 
macrospore ;  the  pollen-tnbe  at  length  reaches  the  macrospore, 
pierces  its  wall,  and  enters  the  neck  of  an  archegoninm  (when 
scattered),  or  spreads  out  over  the  necks  of  a  group  of  arcbegonia; 
a  male  cell  is  forced  out  through  the  tip  of  the  pollen- tube  into 
the  oosphere,  or  into  each  of  the  oospheres  of  a  group  of  arcbe- 
gonia so  that  one  male  organ  fertilises  several  arcbegonia  (Fig. 
302);  the  act  of  fertilisation  is  completed  by  the  fusion  of  the 
male  pronucleus  with  the  female  pronucleus,  to  constitute  the 
nucleus  of  the  oospore. 

In  Welwitschia  the  process  is  somewhat  different ;  here  fertilisa- 
tion takes  place  in  the  tissue  of  the  nucellus,  where  the  pollen-tubes 
meet  and  fuse  with  the  filamentous  outgrowths  of  the  arcbegonia. 

The  Remits  of  Fertilisation. 

1.  The  fruit.  In  all  the  Gymnosperms  which  have  a  cone-like 
macrosporangiate  flower  (Cycadace©,  except  Cycas  ;  Coniferse, 
except  Taxe89),  one  effect  of  fertilisation  is  to  cause  more  or  less 
considerable  growth  in  the  macrosporophylls,  or  in  the  placental 
scales,  as  also  tissue-change  resulting  in  their  becoming  woody 
(e.g.  Pinus,  Abies,  etc.)  or  fleshy  (e.g.  Juniperus),  the  product 
being  the  fruit. 

The  frnit-cone,  in  most  cases,  sets  fi'ee  the  seed  by  the  separa- 
tion of  the  macrosporophylls,  or  of  the  placental  scales,  which  fall 
off  from  the  axis  of  the  cone,  leaving  it  bare  (most  Cycadacece, 
Araucaria,  Abies,  Agathis,  Cedrus) ;  or  they  merely  separate  enough 
to  let  the  seeds  fall  out,  and  then  the  cones  either  remain  on 
the  tree  (e.g.  Larix),  or,  as  is  more  commonly  the  case,  drop 
off  entire.  However,  where  the  fruit  is  a  berry-like  cone  (e.g. 
Juniperus),  the  macrosporophylls  do  not  separate,  and  the  disper- 
sion of  the  seed  depends  on  the  fruit  being  eaten  by  animals. 

In  other  cases  the  effects  of  fertilisation  extend  to  the  bracts 
(Ephedra)  or  to  the  perianth  (Gnetura),  causing  them  to  grow  and 
become  succulent. 

2.  The  seed  is  albuminous  in  all  Gymnosperms,  the  single 
straight  embryo  being  imbedded  in  the  endosperm  (see  Fig.  300  J) 
in  all  cases,  also,  some  portion  of  the  nucellar  tissue  persists  as 
perisperm,  amounting,  in  the  Cycadaceoe  and  ConifersB,  to  little 
more  than  a  membranous  layer,  but  in  the  Gnetacee  (at  least 
in  Ephedra  and  Welwitschia)  it  is  more  considerable. 

V.  8.  B.  II 


Digitized  by 


Google 


480  PART   III. — THE   CLASSIFICATION  OF  PLANTS. 

The  development  of  the  seed-coats  vanes  widely.  In  the 
Cjcadaceae  the  testa  consists  of  two  layers,  an  outer  fleshy  and 
succulent,  and  an  inner  hard  and  woody,  so  that  the  seed  bears  a 
superficial  resemblance  to  a  fruit  such  as  a  plum :  in  those  Coni- 
fewe  in  which  the  seeds  are  produced  in  a  cone-fruit,  the  testa  is 
hard  and  tough  ;  but  in  those  in  which  the  seed  is  exposed  from 
the  first,  the  testa  is  either  fleshy  (e.g.  Ginkgo,  Cephalotaxus), 
being  developed  after  the  manner  of  that  in  the  Cycadaceie,  or  it 
is  hard,  and  is  invested  by  a  succulent  aril  {e.g.  Taxus,  Podo- 
carpus).  In  those  Coniferae  with  woody  cones  (e.g.  Abietinese, 
Araucarineae,  most  Cupressinose)  the  seed  is  usually  winged,  either 
by  means  of  a  membranous  outgrowth  of  the  testa,  or  ( Abietine») 
by  the  adhesion  to  the  seed  of  a  thin  strip  of  tissue,  split  off  from 
the  surface  of  the  placental  scale.  Among  the  Gnetace®,  the 
testa  is  hard  and  woody  in  Ephedra  and  Gnetam  ;  in  Welwitschia 
the  seed  is  enclosed  by  the  expanded  perianth,  which  acts  as  a 
wing. 

Classification  of  the  Gymnospermce. 

The  class  contains  the  following  three  orders : — 

1.  Cycadace*:  the  trunk  is  generally  unbi*anched :  the  leaves 
ai'e  large  and  branched :  no  vessels  in  the  secondary  wood. 

2.  CoNiFER-fi:  trunk  much  branched:  leaves  many,  small,  and 
unbranched  :  no  vessels  in  the  secondary  wood. 

3.  GNETACKiE :  habit  various :  flowers  have  a  rudimentary 
perianth :  there  are  vessels  in  the  secondary  wood. 

Order  1.  Cycadaceae.  The  Gycadaoeie  are  plants  which,  in  many  respects, 
show  affinity  with  the  Ferns,  while,  on  the  other  hand,  they  resemble  the 
Palms  in  external  appearance.  The  stem  is  tubercular  or  cylindrical.  The 
vegetative  leaves  are  of  two  kinds ;  scaly  leaves,  brown  and  dry,  closely 
covering  the  surface  of  the  stem ;  foliage-leaves,  pinnate,  of  a  leathery  consis- 
tency, produced  annually  or  at  a  longer  interval,  forming  a  crown  at  the  top 
of  the  stem  ;  the  foliage-leaves  are  generally  developed  expanded,  but  in  Cycas 
the  pinnie  are  circinate  in  vernation,  as  is  also  the  phyllopodium  in  Stangeria 
and  Zamia. 

The  dioecious  flowers  are  produced,  either  singly  or  several  together,  at  the 
apex  of  the  stem ;  they  are  cones  (except  Cycas).  The  development  of  the 
cones  does  not  arrest  the  growth  in  length  of  the  stem  :  hence  the  stem  may 
be  regarded  as  a  sympodium,  its  growing-point  being  maintained  by  either 
dichotomous  or  lateral  branching  (pp.  83,  85).  The  macrosporophylls  of  Ojcas 
do  not  constitute  a  true  flower,  since  they  are  not  borne,  as  in  the  other  genera, 
on  a  special  axis,  but  simply  take  the  place  of  a  whorl  of  foliage-leaves.  The 
cones  consist  of  an  elongated  axis,  bearing  numerous  spirally-arranged  scaly 
sporophylls,  which  vary  in  number  from  80  to  600.    The  miorosporophylls  bear, 
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on  the  under  surface,  nsaally  numeroas  (2  to  1000)  microsporangia,  either 
scattered  or  in  sori  (Cycas,  Stangeria,  Zamia).  The  macrosporophylls  beat 
two  orthotropous  macrosporangia,  one  on  each  flank,  developed  upon  the  peltate 
terminal  lamina  ;  but  the  exceptional  macrosporophylls  of  Cycas  (see  Fig.  303) 
may  bear  as  many  as  five  macrosporangia. 

The  macrosporangia  are  all  sessile,  and  have  a  single  integument,  and  are  of 
considerable  size ;  those  of  Cycas  are  as  large  as  a  plum  before  fertilisation. 

In  the  coniferous  genera,  the  macrosporangiate  flower  becomes  the  fruit; 
that  is,  a  dry  cone,  the  sporophylls  of  which  fall  away,  and  so  set  free  the 
seeds.  In  Cycas,  the  sporophylls  bend  outwards  and  drop  ofif,  bearing  the 
seeds.  The  seed  is  covered  by  a  testa,  developed  from  the  integament  of  the 
ovule,  which  is  succulent  externally  and  stony  internally.  It  contains  a  single 
straight  embryo,  on  a  coiled  suspensor,  lying  in  the  endosperm.  The  embryo, 
has  generally  two  cotyledons  (ooe  in  Ceratozamia,  and  occasionally  in  other 
genera  also),  which  are  bypogean, 
remaining  in  the  seed. 

The  Cycadacese,  of  which  there 
are  nine  genera,  and  about  seventy- 
five  species,  are  all  tropical  or  sub- 
tropicaL  Cycas  is  a  native  of  the 
East  Indies  and  Australia ;  Macro- 
zamia  and  Bowenia,  of  Australia  ; 
Encephalartos  and  Stangeria,  of 
Africa;  Zamia,  Ceratozamia,  Dio- 
on,  and  Microcycas,  of  tropical 
America. 

Cycas  is  clearly  distinguished 
from  the  other  genera  by  its  pe- 
culiar 'macrosporophylls,  involving 

the  absence  of  a  macrosporangiate 

flower ;   Bowenia  is  characterised 

by  its  bi-pinnate  leaves  ;  Stangeria 

by    the    pinnate   venation    of  its 

leaves ;  the  other  genera,  by  the 

form  of  their  sporophylls. 
Order   2.      Coniferse.       This 

order    includes    the   Pines,   Firs, 

Cypresses,  Yews,  etc.,  which,  for 

the  most  part,  are  extra-tropical, 

inhabiting    more    especially    the 

northern  hemisphere. 

The  conspicuous  features  of  their  morphology  are  the  regular  monopodia 

branching  of  the  stem,  the  small  (often  acicular)  simple  leaves,  and  the  tap- 
root.   In  their  histology,  these  pl-tnts  resemble  the  Dicotyledons  in  that  the 

ptem  grows  in  thickness  by  a  normal  cambium-ring ;  but  the  vascular  tissue  of 

the  wood  consists  entirely  of  tracheides  with  bordered  pits.    The  presence  of 

resin-ducts  is  another  characteristic  feature. 

The  flowers  are  always  monosporangiate ;  some  genera  are  dioecious.     The 


riQ.  303.— Sporophylls  of  Cycads.  A  macro- 
Bporopbyll  of  Cyca«  reroluta  (i  nat.  size)  :  / 
pinnae ;  s  ovules.  B  Macrosporopbyll  of  Zamia, 
muricata,  with  two  ovules  («)  ;  C  microsporophyll 
of  this  species  with  numeroas  microsporangia 
(P). 
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microsporangiate  flower  is  a  cone,  coDeisting  of  an  elongated  axis  bearing 
microsporophylls  (Fig.  304),  which  are  generally  somewhat  peltate  in  form. 
Each  microsporophjll  bears  two  or  more  microsporangia  on  its  ander  (dorsal) 
'sarface.  The  macrosporangiate  flower  is  also  a  cone  in  certain  cases  (Pinoidefe, 
Fig.  305),  in  which  case  the  macrosporophjlls  bear  the  macrosporangia ;  in 
other  cases  there  is  a  less  perfect  cone,  or  none  at  all  (Taxoideie,  see  Fig.  308), 
the  macrosporophylls  are  either  mdimentary  or  absent,  and  the  maorosporangia 
are  geuerally  borne  on  the  axis. 

In  some  genera  (e.g.  Pinus,  Junipems)  the  seed  takes  two  years  to  ripen ;  in 
the  first  year,  pollination  takes  place,  and  the  pollen-tube  begins  to  grow 
through  the  tissue  of  the  nucellus ;  in  the  second  year,  after  a  period  of  rest. 


Fig.  301.— Finuj  montana  {PumUio).  A  Longitadinal  section  of  a  microsporaagiate  flower 
( X 10).  B  Lon^tudinal  section  of  a  microsporopbyll,  showing  the  cavity  of  one  pollen-sac 
(x  ao).  C  Transverse  section  of  a  microsporophyll,  showing  the  cavities  of  both  pollen- 
sacs.  D  Germinating  two-celled  microspore  of  Pinut  sylve9tri»,  showing  the  expansions  of 
the  exine  (x  400).    (After  Strasbnrger.) 

the  pollen-tube  completes  its  growth,  reaches  the  archegonium,  and  fertilises 
the  oosphere ;  as  a  consequence,  the  embryo  is  developed,  and  the  ovule  is 
changed  into  a  seed. 

In  spite  of  the  fact  that  so  many  of  the  ConifersB  are  polyembryonic  (see 
p.  471),  and  that  each  ovule  contains  several  archegonia,  the  ripe  seed  contains 
only  a  single  embryo,  though  occasionally  two  are  found  (e.g.  Ginkgo).  The 
embryo  has  two,  or  more,  cotyledons,  which  are  epigean,  except  in  Araucaria, 
sect.  Colymbea,  and  in  Ginkgo,  where  they  are  hypogean. 

The  order,  which  includes  34  genera  and  about  350  species,  may  be  nator- 
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ally  divided  into  the  two  sab-orders,  Pinoideie  and  Taxoideie,  based  apon  tbe 
structure  of  the  maorosporangiate  flower ;  each  of  these  sub-orders  includes 
several  families. 

Sub-order  I.  Pinoidea.  The  maorosporangiate  flowers  are  cones  ;  the  seed 
has  a  woody  or  leathery  testa,  is  enclosed  between  the  macrosporophylls  or 
the  placental  scales,  and  has  no  aril. 

Fam.  1.  Araucarinea :  usually  dioe- 
cious ;  macrosporophyll  simple,  bearing 
a  single  macrosporangium.  The  micro- 
sporophyll  bears  5  to  15  free  microspor- 
angia ;  microspores  without  expansions 
of  the  exine  ;  all  leaves  arranged 
spirally ;  cotyledons  2-4. 

This  family  includes  the  two  genera, 
Agathis  (Dammara)  and  Araucaria. 
Agathis  inhabits  the  Malayan  islands, 
parts  of  Australia,  New  Zealand,  Fiji 
Islands ;  J.  aiutralis  is  the  Kauri 
Gum -tree :  Araucaria  inhabits  South 
America  (A,  6ra«t7tana,  Brazil;  A.  im- 
brieata^  Chili),  and  Australasia  {A, 
excelia^  Norfolk  Island). 

Fam.  2.  Abietinea:  monoecious;  on 
its  upper  surface  at  the  base,  the  macro- 
sporophyll bears  a  large  placental  scale 
on  the  upper  surface  of  which  two  in- 
verted macrosporangia  are  borne.  The 
ripe  seed  has  two  wings  derived  from 
tissue  of  the  placental  scale  ;  the  micro- 
sporophyll  bears  two  microsporangia ; 
microspores  usually  have  expansions  of 
the  exine ;  all  leaves  arranged  spirally ; 
cotyledons,  more  than  2,  commonly  5, 
sometimes  as  many  as  15. 

The  most  important  genera  may  be 
distinguished  as  follows : — 

A .  No  dwarf-shoots ;  placental  scales 
flat;  seed  ripens  in  one  year;  stem 
bears  whorled  branches. 

1.  Fruit-cones  erect,  falling  to 
pieces  when  ripe;  foliage-leaves 
flat,  cylindrical  at  the  base,  and  not 
decnrrent ;  placental  scales  about 
the  same  length  as  the  macrosporophylls Abiet, 

2.  Fruit-cones  pendent,  falling  off  entire  ;  foliage- leaves  with 
decurrent  projecting  base. 

(a)  Leaves  4 -angular;  placental  scales  much  longer  than  the 
macrosporophylls Pieea, 


Fie.  d06.—AhiM  pectinata.  A  Carpel  c, 
seen  from  above  (ventral  sartace)^  Bhow- 
ing  •  the  placental  scale,  and  tk  the  two 
ovules  (mag.).  B  Mature  cone  (nat.  size) ; 
«p  axis ;  c  carpel ;  •  enlarged  placental 
scale.  C  Ripe  placental  scale  (•)  isolated, 
seen  from  above ;  ra  the  two  seeds,  each 
with  a  wing  (/).    (After  Sachs.) 
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(b)  Leaves  flat ;  placental  scales  longer  or  shorter  tban  the 

macrosporophylls Tsuga 

B.  Long  and  dwarf -shoots. 

1.  Placental  scales  flat ;  foliage-leaves  borne  on  both  long  and 
dwarf-shoots  ;  branching  of  the  stem  irregular. 

(a)  Leaves  annually  deciduous ;  seed  ripens  in  one  year          .  Larix. 

(b)  Leaves  persistent ;  seed  ripens  in  two  years        .        .         .  Cednu. 

2.  Placental  scales  thickened  externally  into  an  apophysis: 
foliage-leaves  confined  to  the  dwarf-shoots  :  branches  whorled     .  Pinu$, 

1.  Abies^  the  Silver  Firs.  The  foliage-leaves  are  flat,  marked  on  the  under 
surface  with  two  longitudinal  white  streaks,  and  show  in  section  two  lateral 
resin-ducts :  the  maorosporangiate  cone  is  developed  in  the  axil  of  a  l«af  borne 
on  a  shoot  of  the  previous  year,  at  some  distance  from  its  apex,  and  when  ripe 
falls  to  pieces  so  that  the  naked  axis  remains.  To  this  genus  belong  A,  pectinata 
{A.  alba)y  the  Silver  Fir,  the  emarginate  leaves  of  which  stand  out  in  a  comb-like 
manner  from  the  branches;  A.  Nordmanniaua,  from  the  Caucasus ;  A,  bahamea^ 
which  produces  Canada- balsam  ;  A.  cephalonica,  which  grows  in  Greece, and  A. 
Pinsapo,  which  grows  in  ^pain,  both  having  pointed  leaves  which,  in  the  latter 
species,  are  borne  on  all  sides  of  the  branches. 

2.  Piceat  the  Spruce  Firs.  The  foliage-leaves  are  quadrangular,  and  have 
two  lateral  resin-ducts :  the  macrosporangiate  cone  is  borne  terminally  on  a 
shoot  of  the  previous  year,  becomes  pendent  after  fertilisation,  thus  enabling 
the  seeds  to  drop  out,  and  then  falls  ofiF  entire.  To  this  genus  belong  P.  exceUa^ 
the  Norway  Spruce,  the  leaves  of  which  are  compressed  laterally;  in  some 
species,  however,  the  leaves  are  compressed  vertically  {e.g,  P.  omorica,  in  Servia, 
and  P.  ajaneruiSf  in  Eastern  Asia),  and  are  streaked  with  white  on  the  upper 
surface.  P.  alba  and  nigra  are  the  White  and  Black  Spruces  of  North 
America. 

3.  Tsugaf  the  Hemlock  Firs.  The  flat  foliage-leaves  are  somewhat  chan- 
nelled above,  with  a  midrib  projecting  on  the  under  surface.  In  other  respects 
this  geuus,  more  especially  the  Section  Eutsaga,  generally  resembles  Picea.  In 
the  Section  Eutsuga  (e.g.  Ts.  canadensis)  the  placental  scales  are  much  longer 
than  the  macrosporophylls ;  whereas  in  the  section  Pseudotsuga  [e.g.  Ts.  Doug- 
lasii)  the  macrosporophylls  are  as  long  as,  or  longer  than,  the  placental  scales  : 
in  Eutsuga  there  is  a  single  median  resin-duct  in  the  projecting  midrib  of  the 
leaf. 

4.  Larixy  the  Larches.  The  deciduous  leaves  are  arranged  spirally  on  long 
shoots,  and  also  in  clusters  on  dwarf-shoots  developed  in  the  axils  of  the  leaves 
of  the  long  shoots  of  the  previous  year :  the  microsporangiate  cones  are  borne 
terminally  on  leafless  dwarf-shoots,  the  macrosporangiate  cones  teiminally  on 
leafy  dwarf-shoots.  L.  europcea  is  the  common  Larch,  a  native  of  the  Alps  and 
Carpathians.  The  sub-genus  Pseudolarix,  including  the  single  species  Ps. 
Kaempferi  (otherwise  Larix  Kaempferi),  the  Golden  Larch,  differs  from  the  true 
Larches  mainly  in  that  its  macrosporaugiate  cones  fall  to  pieces  when  ripe  :  it 
is  a  native  of  China. 

5.  CedruSf  the  Cedars.  This  genus  differs  from  Larix  in  that  the  leaves, 
which  are  arranged  in  the  same  way,  persist  for  more  tban  one  year,  and  in 
that  the  seed  takes  two  years  to  ripen.     The  genus  includes  three  species : 
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C  Libani.,  in  Asia  Minor ;  C.  atlantka^  in  the  Atlas  mountains  of  North  Africa  : 
C.  Deodara,  in  the  Himalayas. 

7.  Pinus^  the  Pines.  The  thick  placental  scales  are  expanded  at  their  free 
end  into  a  flattened  rhombic  surface,  the  apophysis :  the  seed  takes  two  years  to 
ripen  :  the  foliage-leaves  persist  for  several  years  and  are  confined  to  dwarf - 
shoots  which  bear  cataphyllary  leaves  at  their  bases,  and  are  borne  in  the  axils 
of  the  cataphyllary  leaves  of  the  long  shoots  of  the  same  year :  the  primary 
branches  are  arranged  in  false  wborls  near  the  apex  <if  the  shoot  of  any  one 
year,  and  the  branches  of  a  higher  order  are  developed  in  the  same  manner : 
the  microsporangiate  cones  take  the  place  of  dwarf-shoots  at  the  base  of  a  long 
shoot  of  the  same  year,  and  are  closely  packed :  the  macrosporangiate  cones 
also  occupy  the  place  of  dwarf-shoots  near  the  apex  of  long  shoots  of  the  same 
year. 

In  the  section  Pinaster,  the  apophysis  has  a  rhombic  free  surface  with  a 
central  projection  (umb«>) :  it  includes  three  sub-genera  : — Pinea,  characterised 
by  the  fact  that  each  dwarf -shoot  bears  two  leaves,  with  about  twenty  species, 
including  Pintu  i^ylvegtris,  the  Soots  Pine ;  P.  Laricio^  the  Black  Pines ;  P. 
Pinaster  t  the  Cluster  Pine  of  South  Europe;  P.  montana,  the  Mountain  Pines  of 
Europe ;  P.  Pinea,  the  Stone  Pine  of  the  South  of  Europe,  the  seeds  of  which 
are  large  and  edible  : — Tasda,  where  e%eh  dwarf-shoot  bears  three  leaves,  with 
about  sixteen  species,  including  Pinus  Tada^  the  Frankincense  tree  of  North 
America  :—P8eudo8trobus,  where  each  dwarf-shoot  usually  bears  five  leaves, 
with  about  ten  North  American  species. 

In  the  section  Strobus,  the  dwarf-shoots  usually  bear  five  leaves,  and  the 
apophysis  runs  out  into  a  projection  (umbo)  at  its  upper  edge :  it  includes  two 
sub-genera:— Eustrobus,  with  pendulous  fruit-cones  and  winged  seeds,  in- 
cluding Pinus  Strobus  J  the  Weymouth  Pine;  P.  exc'eUa,  the  Himalayan  Pine  ; 
P,  Lambertianat  the  Sugar  Pine,  and  P.  monticola^  both  of  California  aud 
Oregon : — Oembra,  with  erect  or  divergent  cones  and  seeds  without  wings,  in- 
cluding PtniM  Cemhra^ihe  Stone  Pine  of  Switzerland  and  Siberia;  P.JlexUis,  o( 
North  America ;  aud  P.  parvijlora,  of  Japan. 

Fam.  3.  Taxodiiiea:  monoecious:  the  macrosporophyll  is  clearly  diflferen- 
tiated  into  an  outer  and  an  inner  (placental)  half ;  the  latter  forms  an  out- 
growth across  the  upper  surface  of  the  macrosporophyll,  which  may  even  reach 
the  surface  of  the  cone  :  seeds  2-9,  either  axillary  and  erect,  or  borne  on  the 
surface  of  the  macrosporophyll  and  inverted,  generally  witliout  a  wing  :  micro- 
sporophylls  bear  2-8  microsporangia:  microspores  with  expansions  of  the  exine : 
leaves  arranged  spirally. 

Sciadopitys  (S.  verticilluta),  the  Umbrella  Pinaof  Japan,  is  the  only  member 
of  the  family  which  has  long  and  dwarf-shoots,  the  latter  being  a  single  pair  of 
confluent  linear  leaves ;  the  placental  outgrowth  projects  beyond  the  apex  of 
the  macrosporophyll,  and  bears  a  transverse  row  of  about  seven  seeds  at  its 
base. — In  Cunninghamia,  the  placental  outgrowth  is  narrow  and  membranous. 
— In  Athrotaxis,  the  Tasmanian  Cypress,  the  placental  outgrowth  is  a  thick 
ridge. — Sequoia  inclndes  the  two  species  of  large  Galifornian  trees,  S.  sempervirens, 
tbe  Galifornian  Bed- wood,  and  S.  {Welling tonia)  gigantea,  celebrated  for  the 
great  height  to  which  they  grow  (over  800  feet),  with  a  circumference  of  50-60 
feet  at  the  base ;  tbe  placental  outgrowth  is  a  slight  transverse  ridge.    In  the 
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preceding  genera,  the  seeds  are  all  borne  on  the  placental  region  of  the  macro- 
sporophyll  and  are  inverted ;  in  the  following  genera  the  seeds  are  axillary  and 
erect.  Gryptomeria  has  an  erect  fringed  placental  ontgrowth. — Taxodiam,  is 
the  deoiduoQS  Cypress  of  North  America ;  its  leaf-bearing  twigs  are  thrown  off 
each  year  (T.  di$UcUum)^  or  persist  for  two  years  (r.  mexieanum) :  the  placental 
ontgrowth  overgrows  the  macrosporophyll  as  the  cone  ripens. — Glyptostrobns 
is  the  Chinese  Water  Pine ;  it  differs  from  Taxodinm  only  in  that  the  seed  has 
a  wing. 

Fam.  4.  Cupresiirua:  monoecious,  sometimes  dioecious:  macrosporophylls 
with  a  projecting  placental  outgrowth:  seeds  axillary,  erect,  often  winged: 
microspores  without  expansions  of  the  exine :  leaves  always  arranged  in  whorls. 
In  the  sub-family  AetinostrobiruBf  including  the  genera  Actinoetrobus,  Calli- 
tris,  and  Fitzroya,  the  ripe  cone  is  woody  and  the  constituent  macrosporophylls 
are  arranged  in  a  valvate  manner. 

In  the  subfamily  Thujopsidina,  including  the  genera  Thujopsis  and  Thuja 
(incl.  Libocedrus  and  Biota)  the  ripe  cone  is  woody  and  the  constituent  macro- 
sporophylls are  arranged  in  an  imbricate 
manner.  The  most  familiar  species  are 
Tht^ja  occidentalism  the  American  Arbor 
Vitie,  and  Thuja  {Biota)  ori^it/a/u,  the 
Chinese  Arbor  Yitie. 

In  the  sub-family  CnprfMsinte,  includ- 
ing the  genera  Cupressus  and  Cbam»cy- 
paris,  the  ripe  cone  is  woody  and  con- 
sists of  2-6  pairs  of  peltate  macrof>poro- 
phylls  coherent  by  their  margins  in  a 
valvate  manner.  The  genus  Cupressus, 
the  Cypress,  has  several  seeds  on  each 
macrosporophyll :  in  Chamaeoyparis  each 
macrosporophyll  bears  only  two  seeds. 
The  sub-family  Jimiperina,  including 

V       on^     J   n       1.     «  mi    .  ^^^  slnglc  gcuus  Juuipcrus,  is  distin- 

Fio.   906.— i    Branch   of   Tituja  oeei-  .,,..,  ;.  ,    . 

dentaiu  (x6)  showing  beterophyllyj  k  guished  from  the  preceding  sub-famihes 
flank-leaves;/  Burface-leaves ;  h  resin-  io  that  the  flowers  are,  as  a  rule,  dioe- 
receptacle  (see  p.  464).  B  Fruit  of  Biota  eious ;  the  ripe  cone  is  somewhat  fleshy, 
BHtntali,  (nat.  siie) :  /  macron>orophylls  resembling  a  berry  or  a  drupe ;  it  usually 
with   ventral   outfirrow-ths  d;   4  (in   the  •  *      f  u     i    *  u  » 

middle  line)  sterile  sporophylls.  consistsof  one whori  of  macrosporophylls 

each  bearing  one  or  two  wingless  seeds. 
The  section  C^ryocedrus  (Ajceutboe),  containing  the  single  species  Juniperug 
drupaceOf  has  a  cone  consisting  of  8  or  4  whorls  of  macrosporophylls ;  whereas 
in  the  section  Oxycedrus  (including  Juniperu$  eomviunit,  the  Juniper ;  J,  Oxy- 
eednu,  J,  macrocarpa,  and  other  species),  the  cone  consists  of  1-2  whorls ;  and 
in  the  section  Sabina  (including  J.  Sabituit  J*  virtfiiUana,  etc.), it  consists  of  2-3 
whorls ;  the  innermost  or  uppermost  whorl  alone  is  fertile  as  a  rule,  in  Garyo- 
eedrus  and  in  Oxycedrus,  but  is  sterile  in  Sabina  :  in  (^ryocedrus  the  (2-3)  seeds 
are  coherent,  in  the  other  two  sections  they  are  free :  in  Sabina  the  flowers 
are  generally  monoecious ;  in  Sabina  also  the  leaves  (including  sporophylls)  are 
usually  in  whorls  of  2,  whilst  in  the  other  two  section s  they  are  in  whorls  of  3. 
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Sab-order  II.    Taxoidsa  :  the  macrosporangiate  flowers  are,  as  a  rale,  not 
cones ;  the  seed  asaally  projects  beyond  the  macrosporophylls  (when  present) 
and  has  a  succalent  testa  or  an  arillas : 
flowers  generally  dicecioas. 

Fam.  1.  Podoearpea :  tbe  macrosporangiate 
flower  consists  of  several  macrosporophylls 
each  bearing  a  single  macrosporaugiam :  the 
ripe  seed  is  invested  by  an  arillas :  the  micro- 
sporophylls  each  bear  two  microsporangia : 
the  microspores  have  expansions  of  the 
exine. 

This  family  includes  the  genera  Saxegothea, 
Microoachrys,  Podocarpus,  and  Dacrydiam. 
Saxegothea  resembles  the  GapressineaB  n 
that  the  macrosporophylls  enclose  the  seeds : 
this  genus  is  monceciout.  On  the  other  hand 
Dacrydiam  resembles  the  Taxeie  in  that  the 
macrosporophylls  are  very  similar  to  the 
foliage- leaves,  and  in  that  the  macrospor- 
angia  are  sometimes  borne  in  tbe  axils  of 
the  macrosporophylls,  and  are  then  erect, 
whereas  in  all  other  cases  they  are  inverted. 

Fam.  2.  Taxea  :  tbe  macrosporophylls 
are  usually  rudimentary  or  absent,  and  the 
macrosporangia  are  borne  on  the  axis :  the 
seed  has  an  arillus  in  some  forms,  while  in 
others  it  has  a  succulent  testa :  microsporo-  ' 


i 


Fio.  307.—  A  MiicrosporaDgiate 
flower  of  Jttnip«  rua  Sabina.  seen  from 
above :  //  fertile  macrosporophylls, 
bearing  macrosporangia  •;  ff 
upper  part  of  sterile  sporophylls 
(mag.).  B  and  C  Junipeitu  com- 
munU.  B  young  fruit :  ///  macro- 
sporophylls, of  which  the  anterior 
is  turned  down :  « the  ovules.  C  ripe 
fruit;  the  limits  of  the  three  carpels 
are  only  distinguishable  at  the 
apex. 


phylls  with  2-9  microsporangia :  microspores  without  expansions  of  the  exine. 
Phyllocladus,  remarkable  for  its  rudimentary  leaves  and  fpr  the  development 
of  its  dwarf-shoots  into  phylloclades,  has  thick  persistent  macrosporophylls ; 
in  the  axil  of  each  there  is  a  single  erect  macrosporangium  with  an  arillus : 
flowers  sometimes  moncecious. 
Ginkgo  hiloba  (Salitbitria  adiarUi- 
folia),  the  Maiden-Hair  Tree,  is 
characterised  by  its  fan-shaped  de- 
ciduoas  leaves  with  furcate  vena- 
tion :  the  macrosporophylls  are 
rudimentary:  the  macrosporangia 
are  borne  in  an  opposite  pair  at  the 
end  of  a  short  stalk:  no  arillus, 
but  the  testa  of  the  seed  becomes 
succulent.  Cephalotaxus  (the 
Chinese  Tew)  and  the  genera  Taxus 
(the  Yew)  and  Torreya  (the  Fetid 
Yew  of  North  America)  have  only 
long  shoots  :  the  macrosporangiate 
flowers  and  the  ripe  seeds  of  Ce- 
phalotaxus resemble  those  of  Gink- 


FiG.  908.— ii  Branch  of  Taxut  haccata  bearing 
a  fruit/,  which  consists  of  a  fleshy  arillus  en- 
closing a  seed.  B  Longitudinal  section  of  the 
end  of  a  branch  terminating  in  a  macrospo- 
rangiate flower:  b  scaly  bracts;  k  terminal 
macrosporangium  (nucellus) ;  i  the  integument; 
m  the  mioropyle ;  a  the  rudiment  of  the  arillus 
(x20). 
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go :  in  Torreys  and  Taxus  (Fig.  308)  there  are  no  maorosporophjUs,  the  maoro- 
sporangia  being  borne  singly  at  the  end  of  short  lateral  shoots,  and  the  seed 
has  a  fleshy  arillas.  Taxns  has  no  resin-ducts  in  its  tissues :  its  microsporo- 
phyll  is  peltate,  bearing  5>9  microsporangia  on  its  under  surface. 

Order  3.  Qnetaceae.  This  order  includes  but  three  genera,  Ephedra, 
Gnetum,  and  Welwitschia.  Though  they  differ  widely  from  each  other  in 
many  respects,  they  agree  in  that  they  have  opposite  leaves ;  flowers  which  are 
not  cones  and  which  have  a  rudimentary  perianth,  but  have  no  macrosporophylls 
as  the  macrosporangia  are  borne  on  the  axis ;  an  albuminous  erect  seed ; 
a  dicotyledonous  embryo ;  and  secondary  wood  which  contains  true  vessels. 
They  are  generally  dicecious. 

The  flowers  are  arranged  in  single  or  compound  spicate  inflorescences,  arising 
either  singly  (Welwitschia)  or  in  clusters  from  the  axils  of  pairs  of  opposite  and 
decussate  bracts.  The  bracts  are  highly  developed  and  closely  packed  in  Wel- 
witschia, so  that  the  whole  inflorescence  has  a  somewhat  cone-like  appearance. 

The  perianth,  in  all  cases  uncoloured,  consists  of  a  single  pair  of  coherent 
perianth-leaves,  except  in  the  microsporangiate  flowers  of  Welwitschia,  where 
there  are  two  decussate  pairs  of  free  perianth-leaves. 

The  microsporangiate  flower,  in  addition  to  the  perianth,  consists :  in 
Ephedra,  of  a  short  projecting  axis  bearing  2-8  microsporophylls  represented 
by  sessile  or  shortly-stalked  anthers  each  bearing  two  microsporangia;  in  Gnetum, 
of  a  short  projecting  axis  directly  bearing  one  or  two  microsporangia ;  in  Welwit- 
schia, of  six  monadelphous  microsporophylls  with  well-developed  filaments  each 
bearing  a  terminal  anther  with  three  microsporangia,  surrounding  a  rudimentary 
macrosporangium,  with  a  projecting  integument,  in  the  centre  of  the  flower. 

The  macrosporangiate  flower,  in  addition  to  tbe  perianth,  consists :  in  all 
three  genera  of  a  terminal  macrosporangium,  borne  on  the  axis ;  it  is  invested 
either  by  a  single  integument,  as  in  Ephedra  and  Welwitschia,  which  is  pro- 
duced into  a  long  projecting  micropyle  ;  or  by  two  integuments  (Gnetum)  the 
iuner  of  which  forms  a  long  projecting  micropyle. 

The  fruit  is  formed :  in  Ephedra,  by  the  succulent  development  of  some  of 
the  bracts  of  the  inflorescence  which  assume  a  red  colour  and  enclose  the  fruit- 
lets  formed  from  the  several  flowers  by  the  lignification  of  the  perianth  round 
the  seed ;  in  Gnetum,  by  the  succulent  development  of  the  perianth  and  the 
lignification  of  the  outer  integumeut,  in  each  separate  flower;  in  Welwitschia, 
by  the  further  development  of  the  bracts,  which  assume  a  bright  scarlet  colour, 
aud  by  the  growth  of  the  perianth  around  the  seed  so  as  to  form  a  wing-like 
expansion,  the  winged  seeds  being  set  free  by  the  falling  to  pieces  of  the  cone- 
like  inflorescence  from  below  upwards. 

Ephedra  is  a  genus  of  shrubby  plauts,  with  rudimentary  leaves,  somewhat 
resembling  an  Equisetum.  It  is  especially  remarkable  on  account  of  its 
peculiar  embryogeny  (see  p.  471).    Habitat,  warmer  temperate  zone. 

Gnetum  is  a  genus  of  shrubs  or  trees,  for  the  most  part  climbers,  but  some 
erect- growing  (GnetufR  Gnemon):  with  its  broad  well- developed  foliage-leaves, 
with  pinnate  venation,  it  resembles  the  Dicotyledons  in  habit.  Habitat,  the 
tropics. 

Welwitschia  includes  the  single  species  IV,  mirahilis :  it  is  remarkable  for  its 
short  thick  stem,  prolonged  below  into  a  tap-root,  with  a  broad  flat  somewhat 
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ciroalar  bilobed  upper  surface,  a  single  long  persistent  foliage>leaf  being  borne 
at  the  margin  of  each  lobe :  the  inflorescences  are  borne  in  dichotomous  cymes, 
usually  in  the  axil  of  each  of  the  two  leaves.  Habitat,  Damaraland,  Western 
South  Africa. 


DIVISION  B, 
CLASS  II.— ANGIOSPERM^. 

The  plants  of  this  class  are  to  a  large  extent  herbaceous  annuals, 
biennials,  or  perennials ;  but  it  also  includes  a  great  number  of 
shrubs  and  trees. 

The  Sporophyte. 

The  General  Morphology  6f  the  Vegetative  Organs  is  so  varied  that 
it  cannot  be  dealt  with  in  a  general  way.  The  reader  is  referred 
to  the  treatment  of  the  subject  in  Book  I.,  and  to  the  descriptions 
given  in  the  systematic  account  of  the  class. 

The  General  Morphology  of  the  Reproductive  Organs,  The  repro- 
ductive organs  are  pollen-sacs  (microsporangia)  and  ovules  (macro- 
sporangia),  borne  generally  on  sporophylls,  but  sometimes  directly 
on  the  floral  axis  {e.g.  microsporangia  of  Naias,  Casuarina,  etc. ; 
raacrospoi'angia  of  Polygonum,  Primulaceee,  etc.)  :  they  are  de- 
veloped in  special  shoots  differentiated  as  flowers^  and  the  flowers 
are  arranged  in  a  more  or  less  complex  branch-system,  the  in- 
florescence. 

The  Inflorescence  (see  p.  76).  It  is  only  in  comparatively  few 
cases  that  the  primary  axis  of  the  plant  terminates  in  a  flower ; 
such  plants  are  said  to  uniaxial :  it  is  usually  not  until  the  secon- 
dary or  tertiary  branches,  or  even  those  of  a  higher  order,  are 
developed,  that  a  flower  is  formed.  Such  plants  are  said  to  be 
W-,  tri'y  or  poly- axial. 

The  floral  axis  of  the  Angiosperms  frequently  forms  an  elaborate 
branch-system  which  is  usually  sharply  deflned,  as  a  sporophore, 
from  the  vegetative  shoots,  and  which  bears  leaves  which  are 
either  sporophylls  or  hypsophylls  (p.  59). 

In  the  inflorescence,  as  usually  in  all  parts  of  the  shoot  of 
Angiosperms,  the  branching  is  almost  always  monopodial  and 
axillary.  Some  apparent  exceptions  may  be  easily  reduced  to  this 
type :  thus,  in  the  racemes  of  most  of  the  CruciferaB  the  bracts  at 
the  bases  of  the  individual  lateral  branches  are  abortive,  and  the 
same  occurs  in  many  of  the  Composit©.     In  the  SolanaceaB  and 
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BoraginaceflB  the  bracfc  often  undergoes  displacement,  so  that  it 
appears  to  be  inserted  laterally  upon  the  axillary  branch ;  on  the 
other  hand,  it  sometimes  happens  that  the  axillary  branch  is 
adherent  to  the  main  shoot  for  some  distance. 

The  flowers  of  an  inflorescence  are  either  sessile  or  stalked,  the 
stalk  being  termed  a  pedicel. 

In  accordance  with  the  principles  of  branching  laid  down  on 
p.  33,  the  different  forms  of  inflorescences  may  be  classified  as 
follows : — 

A.  BaeemoBe  Jnfloretcences  consiBt  of  a  main  axis  (rhaohis,  peduncle), 
bearing  a  number  of  lateral  branches  developed  in  acropetal  (or  centripetal) 
succession,  constituting  a  monopodial  branch-system.  The  lateral  braccbes  do 
not  usually  grow  longer  than  that  portion  of  the  main  axis  which  lies  above 
tbeir  points  of  origin.  If  the  lateral  shoots  of  the  first  order  terminate  in  a 
flower  without  again  branching,  the  inflorescence  is  said  to  be  timple ;  but  if 
they  branch,  it  is  Qompound, 

These  iuflorescences  are  also  termed  indefinite^  not  because  the  apical  growth 
of  the  main  axis  or  of  its  branches  is  unlimited,  but  because,  owing  to  the 
acropetal  succession  in  the  development  of  tbe  flowers,  the  growth  of  branches 
of  a  high  order  is  arrested,  by  the  development  of  a  terminal  flower,  earlier  than 
that  of  branches  of  a  lower  order :  for  instance,  the  growth  of  the  secondary 
branches  is  arrested  before  that  of  the  main  axis,  that  of  the  tertiary  branches 
before  that  of  the  secondary  branches,  and  so  so. 

I.  Simple  racemote  inflorescenca  : 

(a)  With  an  elongated  main  axii :  the  lateral  shoots  spring  from  the  axis  at 
some  distance  from  each  other.  The  three  following  forms  may  be  distin- 
guished : 

(1)  The  spike,  in  which  the  lateral  branches  are  flowers  which  are  sessile  on ' 
the  main  axis,  or  have  very  short  pedicels  (Fig.  809  A) ;  e.g,  the  inflorescence 
of  the  Plantain  (Plantago).  The  small  spikes  of  the  Glumales  are  termed 
spikeUts. 

(2)  The  spadix,  which  differs  from  tbe  spike  only  in  having  a  thick  and  fleshy 
axis  ;  a  large  bract  forming  a  sheath,  called  a  tpathe,  commonly  grows  at  the 
base  of  tbe  inflorescence  and  envelopes  it  more  or  less;  e.g.  Arum  and 
Richardia. 

(8)  The  raceme,  in  which  the  lateral  branches  are  flowers  with  pedicels  of 
nearly  equal  length,  e.g.  the  CrucifereB,  as  the  Radish,  Cabbage,  etc. ;  in  these 
the  bracts  of  the  individual  flowers  are  not  developed ;  also  Berberis  and  others. 

{^)  With  a  thort  main  axis ;  the  lateral  branches  are  set  closely  together  on 
the  short  or  flattened  main  axis. 

(4)  The  eapitulum  (head)  in  which  the  short  main  axis  is  conical  or  disc- 
shaped  or  even  hollowed  out,  and  is  closely  covered  with  lateral  branches  in 
the  form  of  sessile  flowers  (Fig.  809  £>),  e,g.  tbe  Composite,  as  Dandelion. 
Sunflower ;  also  the  Scabious.  The  bracts  (palese)  of  the  individual  flowers 
(Fig.  309  D  p)  are  sometimes  wanting ;  but  the  whole  head  is  surrounded  at  the 
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base  by  a  number  of  bracts  forming  an  involucre  (Fig.  809  D  i)  which  gives  the 
inflorescence  the  appearance  of  being  one  single  flower. 

(5)  The  nmbelj  composed  of  a  namber  of  lateral  branches,  in  the  form  of 
pedicillate  flowers,  springing  together  from  a  very  short  axis  which  commonly 
terminates  in  a  flower  (Fig.  309  C  d)  ;  e,g.  the  Umbelliferte  and  the  Ivy.  The 
bracts  of  the  separate  pedicels  forming  the  rayt  are  asnally  present  in  diminished 
namber ;  they  form  an  involucre. 

II.  Compound  racemoge  inflt/retcences  are  formed  when  the  lateral  shoots 
which  bear  flowers,  as  described  above,  are  again  branched,  or,  in  other  words, 
when  inflorescences  of  the  types  above  enumerated  are  united  to  form  a  larger 
inflorescence ;  for  instance,  when  several  capitula  are  arranged  on  the  main 
axis  in  the  same  way  as  the  flowers  of  a  raceme.  The  same  terms  are  applied 
to  the  first  ramification  of  the  compound  inflorescence  as  to  the  simple  ones 
described  above ;  the  above-mentioned  example,  for  instance,  is  a  raceme  of 
capitula,  and  is  termed  a  capitulate  raceme.  Compound  inflorescences  may  be 
classified  as  follows : 

(a)  Homogeneoutly  compound;  in  these  the  branches  of  the  first  and  second 
(or  higher)  orders 
are  of  the  same 
character. 

(6)  The  covi- 
pound  spike  ;  in 
this  form  many 
simple  spikes  are 
arranged  on  the 
main  axis  of  the 
inflorescence  in 
the  same  way  as 
the  flowers  in  a 
simple  spike,  or, 
in  other  words, 
the  main  axis  of 
the  spike  bears 
secondary  spikes 
instead  of  single 
flowers,  e.g,  the  inflorescence  of  Wheat,  Rye,  etc. 

(7)  The  compound  raceme ;  in  this  case  smaller  racemes  grow  on  the  main 
axis  of  the  raceme ;  the  ramification  is  in  many  cases  still  further  repeated  in 
such  a  way  that  it  is  more  complex  at  the  base  of  the  primary  raceme  than 
towards  the  apex,  e.g,  the  Orape-vine  (Fig.  309  B), 

(8)  The  compound  umbel  (Fig.  809  C7).  This  is  far  more  common  than  a 
simple  umbel,  and  is  in  fact  usually  called  an  umbel;  the  separate  simple 
umbels  (Fig.  309  C  d)  are  then  called  umbellules,  and  their  respective  involucres 
are  involucels. 

(/9)  Heterogeneously  compound  infloreicencei ;  in  these  the  branches  of  the 
different  orders  are  dissimilar.  In  consequence  of  this  so  many  complicated 
forms  arise  that  it  is  impossible  to  enumerate  and  name  all  the  combinations. 
As  examples,  the  following  will  only  be  mentioned:  the  capitulate  raceme, 


.'^^"^ 


Fio.  809.~Diagrain8  of  the  varieties  of  racemose  inflorescencefi. 
A  Spike.  B  Compound  raceme.  C  Compound  umbel;  d  rays 
of  the  umbel;  t  involucre;  d^  secondary  rays  of  the  umbellnles; 
»i  involucel.    D  A  capitulnm ;  %  involucre ;  b  flower ;  p  bracte. 
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which  consists  of  a  number  of  oapitala  arranged  in  a  raceme ;  it  occurs  in  many 
of  the  Compositse,  e.g,  Petasites:  the  spicate  capiUUum^  which  consists  of 
several  spikes  forming  a  capitulam,  as  in  the  ScirpoideiB  :  the  spicate  raceme, 
which  occurs  in  many  Grasses,  in  which  the  last  branches  of  a  compound 
raceme  are  spikes. 

B.  Cymote  Inflorescencet :  the  main  axis  produces  one,  two,  or  more  lateral 
branches — rarely  several—  at  the  same  level  below  its  apex,  which  grow  more 
vigorously  than  the  main  axis,  and  repeat  the  same  type  of  branching. 

These  inflorescences  are  also  termed  definite  because  the  growth  of  each  axis 
is  arrested,  by  the  development  of  a  terminal  flower,  before  that  of  the  lateral 
branch  or  branches  which  it  bears.  The  simplest  kind  of  definite  inflorescence 
is  that  in  which  the  axis  (peduncle)  does  not  branch,  but  bears  a  single  terminal 
flower. 

Cymose  inflorescences  are  also  termed  centrifugal^  because  the  development 
and  expansion  of  the  flowers  begins  with  the  primary  axis,  and  occurs  succes- 
sively in  the  axes  of  the  second,  third,  and  higher  orders. 

I.  In  the  timple  cyme  the  ramification  in  the  secondary  and  higher  orders 
follows  the  same  type. 

(a)  Without  a  ptcud-axit  (see  page  35). 

The  cyme  :  beneath  the  terminal  flower  spring  several — three  or  more — 
lateral  shoots  of  equal  vigour,  e,g.  many  Euphorbiie.  This  inflorescence  greatly 
resembles  the  true  umbel,  and  in  fact  cannot  be  distinguished  from  a  true 
umbel  which  has  a  terminal  flower.  The  identification  of  an  inflorescence  as 
belonging  to  the  cymose  type  depends  in  many  oases  on  the  fact  that  in  the 
higher  orders  of  branching  the  cymes  are  reduced  to  dichasia. 

The  dichatium  (Figs.  19  C  and  20)  consists  of  only  two  equal  lateral  shoots 
arising  at  the  same  level  below  the  terminal  flower,  and  branching  in  a  similar 
manner.  The  successive  false  dichotomies  commonly  decussate,  e.g.  Valerian- 
ella  and  the  weaker  inflorescences  of  many  Eaphorbiie. 

(/3)  With  a  pieud'Oxis. 

The  icorpioid  cyme  (cincinnus  and  rhipidium) :  in  this  the  lateral  branches 
occur  alternately  on  opposite  sides  (Fig.  19  A  and  B) :  Boraginaoeie,  Crassu- 
lacese,  Iridaces,  Commelynacess,  etc. 

The  helicoid  cyme  (bostryx  and  drepanium) :  the  lateral  branches  of  the 
successive  ramifications  always  occur  on  the  same  side  (Fig.  19  D) :  this  is 
frequently  found  in  Monocotyledons,  such  as  Hemerocallis,  Omithogalum, 
Alstroemeria,  JuncaceaB. 

It  has  been  ascertained,  however,  that  in  many  cases  (various  Solanaceie  and 
Boraginaoeie)  the  so-called  scorpioid  cjmes  are  monopodial ;  the  axis  is  there- 
fore not  a  pseud-axis  but  a  true  one,  and  the  inflorescence  must  be  regarded  as 
a  anilateral  raceme. 

II.  Compound  cymote  itifioretcencee  arise  on  the  one  hand  from  the  reduction 
of  the  ramification  in  the  higher  orders,  as,  for  instauoe,  when  the  secondary 
members  of  a  cyme  are  not  cymes,  but  dichasia :  these  are  dichaeial  cymet ; 
they  occur  in  many  Euphorbise  :  again,  when  dichasia  terminate  in  scorpioid  or 
helicoid  cymes.  On  the  other  hand  it  sometimes  occurs  that  helicoid  cymes 
are  combined  to  form  scorpioid  cymes,  as  in  Geranium. 
C.  Compound  racemote  and  cymose  inflorescences.    It  may  occur  that  a  com- 
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pound  inflorescence  changes  in  type  in  the  different  orders  of  ramification. 
Thus  the  branches  of  the  first  order  may  exhibit  a  racemose  arrangement,  and 
those  of  the  second  a  cymose  arrangement,  as  in  the  dichasial  racemes  of  many 
Enphorbiffi  {e.g.  E.  Esttla,  amygdaloidet)^  in  the  scorpioid  racemes  of  the  Horse- 
chestnut,  and  in  the  helicoid  capitula  of  many  species  of  Allium.  On  the  other 
hand  the  branches  of  the  first  order  may  have  a  cymose,  and  those  of  the 
second  a  racemose  arrangement ;  for  instance,  the  helicoid  cymes  of  capilala  in 
Ciohorium. 

Finally,  there  are  certain  terms  nsed  in  describing  inflorescences  which  refer 
only  to  the  general  external  appearance  rather  than  to  the  mode  of  formation  of 
the  inflorescence  :  thuB,  the  panicle  is  a  pyramidal  inflorescence  generally  of  the 
racemose  type,  at  least  in  its  first  ramification  :  the  corymb  is  a  racemose  in- 
florescence of  which  all  the  nltimate  ramifications  lie  in  one  plane  and  bear 
flowers,  e.g,  the  Elder,  many  Cruciferie :  the  amentum  (catkin)  is  a  simple  or 
compound  spicate  inflorescence,  usually  pendulous  and  elongated,  bearing  in- 
conspicuous monosporangiate  flowers,  which  falls  off  entire  from  the  plant  when 
the  flowering  is  over.  Of  cymose  inflorescences  there  is  the  fascicle^  consisting 
of  a  numbfr  of  flowers  on  pedicels  of  equal  length  (Sweet  William) ;  the  glome- 
rule  (Nettle  and  Box)  or  vertici Hatter  (many  Labiate),  consisting  of  a  few  sessile 
or  shortly  pedicillate  flowers;  and  the  anthelu^  which  is  a  compound  inflores- 
cence, in  which  the  branches  of  the  first  order  are  gradually  shorter  from  below 
upwards  (or  rather  from  without  inwards),  as  in  Juncaces. 

To  a  floral  axis  arising  from  the  ground,  with  no  leaves,  or  with  only  a  few 
bracts,  bearing  a  single  flower  or  a  more  or  less  complex  inflorescence,  the  term 
scape  is  applied. 

The  Bracts  (p.  79)  are  leaves  borne  on  the  inflorescence,  in  the 
axils  of  which  the  flowers  are  developed  :  there  may  be  a  single 
large  bract,  termed  a  spathe,  enclosing  the  whole  inflorescence,  as  in 
palms  and  in  the  Aram  Lily  (Zantedeschia  cethiopica)  where  the 
bract  is  white ;  or  the  bi-acts  may  be  brightly  coloured  (petaloid),  as 
in  Poinsettia  and  other  EuphorbiaceaB  where  they  are  red,  and  in 
Leycesteria  formos'i,  Melampyrum,  etc. ;  or  the  bracts  may  be  scaly, 
forming  an  involucre  round  the  inflorescence  as  in  the  CompositaB : 
the  glumes  of  the  Grasses  are  scaly  bracts ;  the  bracts  are  frequently 
not  very  unlike  the  foliage- 1  eaves,  differing  from  them  mainly  in 
form  and  size. 

The  portion  of  the  floral  axis  below  the  flower  {i.e.  the  peduncle 
or  the  pedicel)  commonly  bears  one  or  more  hracteoles  or  prophylla. 
In  most  Monocotyledons  there  is  a  single  posterior  prophyllura, 
whilst  in  most  Dicotyledons  there  are  two  lateral  prophylla.  In 
some  Monocotyledons,  however  {e.g.  HydrocharidaceeB,  such  as 
Elodea,  Vallisneria,  Halophila;  and  AmaryllidaceaB,  such  as 
Galanthus,  Narcissus,  Leucojum,  etc.),  there  are  two  lateral  pro- 
phylla (remaining  free  in  HflDmanthus)  which  unite  to  form  the 
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so-called  spathe  which  invests  the  flower  of  these  plants.  On  the 
other  hand,  some  Dicotyledons  have  a  single  prophyllnm  which  is, 
however,  always  lateral :  this  is  frequently  the  result  of  the  sup- 
pression of  the  second  prophyllura,  but  there  are  cases  (BanunctUus 
aquatilis,  awicomus,  Lingua)  in  which  this  is  apparently  the  normal 
condition. 

In  some  cases  several  bracteoles  are  arranged  in  a  whorl,  forming 
an  epicalyXy  either  close  beneath  the  flower  (as  in  Malva,  Anemone 
Hepatica,  Dipsacus,  Clusia,  Camellia),  or  at  some  distance  below  it 
(other  species  of  Anemone).  In  some  Nyctaginaceee  the  epicalyx 
may  become  an  involucre  enclosing  several  flowers  ;  this  is  due  to 
the  fact  that  flowers  are  developed  in  the  axils  of  some  of  the  bracte- 
oles of  the  terminal  flower.  Though  they  are  generally  green,  the 
bracteoles  are  sometimes  brightly  coloured,  as  in  some  Amarantace® 
and  NyctaginacesB ;  or  scaly,  as  the  lodicules  of  Grasses. 

The  Flower  (p.  76)  consists  of  an  axis  bearing,  as  a  rule,  both 
perianth -leaves  and  sporophylls  on  the  somewhat  shortened  and  ex- 
panded terminal  portion  of  the  axis  which  is  the  receptacle  or  torus. 

The  perianth-leaves  are  generally  differentiated  into  two  series : 
an  outer,  of  usually  rather  small  green  leaves,  the  sepals,  consti- 
tuting the  calyx :  an  inner,  of  usually  conspicuous  brightly  coloured 
leaves,  the  petals,  constituting  the  corolla. 

The  flower  is  usually  ambisporangiate  (hermaphrodite,  mono- 
clinous),  but  is  not  infrequently  monosporangiate  (unisexual, 
diclinous,  or  even  dioecious).  The  sporangia,  with  but  few  excep- 
tions, are  borne  upon  sporophylls  (see  p.  78) :  the  microsporophylls 
(stamens)  constitute  the  androecium,  the  macrosporophylls  the 
gynceceum,  of  the  flower. 

The  growth  of  the  floral  axis  terminates  with  the  development 
of  the  floral  leaves  at  its  apex,  excepting  in  abnormal  cases  ;  and 
buds  are  not  developed,  except  in  monstrosities,  in  the  axils  of 
these  leaves.  The  characteristic  feature  of  that  portion  of  the 
floral  axis  which  actually  bears  the  flower  is  that  the  intemodes 
between  successive  floral  leaves  or  whorls  of  leaves,  are  not  as  a 
rule  developed,  so  that  all  the  floral  leaves  are  closely  packed  and 
are  nearly  at  the  same  level,  the  perianth- leaves  being  external 
and  the  sporophylls  internal.  It  occasionally  happens,  however, 
that  one  or  more  of  the  intemodes  within  the  flower  may  be  deve- 
loped to  some  extent :  for  instance,  the  internode  (termed  antho- 
phore)  between  the  calyx  and  the  corolla,  as  in  Lychnis  and  some 
other  CaryophyllaceoB ;  that  (termed  gonophore)  between  the  corolla 
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and  the  androecium,  as  in  the  Passion-Flower,  and  in  Orchids 
where  the  styles  adhere  to  it  forming  the  gynostemium  or  column ; 
that  (termed  gynophore)  between  the  androecinm  and  the  gjnsBcenm, 
as  in  Cleome  (Capparidaceed),  some  Grentians,  and  some  Crnciferce : 
in  Gjnandropsis  (CapparidacesB)  two  intemodes  are  developed,  a 
gonophore  and  a  gynophore. 

When  the  axis  grows,  as  is  nsnally  the  case,  equally  in  all  parts, 
the  gynsBcenm,  being  nearest  to  its  apex,  is  the  uppermost  part  of 
the  flower.  When  this  is  the  case  its  insertion  is  above  that  of 
the  androecium  and  perianth  (Fig.  310  H),  and  the  ovary  is  said 
to  be  superior  and  the  flower  hypogynous,  as  in  Banunculus,  Papa- 
ver,  Lilium,  and  Primula.  But  in  a  great  number  of  plants  the 
perianth  and  androecium  are  raised  by  the  intercalary  growth  (see 
p.  17)  of  a  lower  portion  of  the  axis  (as  represented  by  the  outer 


Fio.  310. --Diagram  of  H  hypogynooB ;  P  perigynoud ;  E  epigjmoos  flowers ;  a  axis ; 
k  calyx ;  e  corolla ;  s  stamens ;  /  carpels ;  n  stigma ;  sfc  ovale. 

portion  of  the  torus)  and  stand  on  a  circular  rim  surrounding  the 
apex  of  the  axis  which  lies  at  a  lower  level.  Of  this  condition 
two  different  forms  occur : — in  the  one,  the  carpels  are  inserted  in 
the  depression  at  the  apex  of  the  axis  (Fig.  310  P),  and  there  form 
one  or  more  o vanes  free  from  it,  primarily  at  least,  though  they 
may  subsequently  become  adherent  to  it ;  in  such  cases,  as  in  the 
Rose  and  Apple,  the  flower  is  said  to  be  perigynous :  in  the  other, 
the  carpels  spring  from  the  upper  rim  of  the  cavity  which  is 
formed  by  the  axis  itself  and  simply  cover  it  in  at  the  top  ;  such 
flowers  are  said  to  be  epigynous,  and  the  ovary  to  be  inferior^  e.g. 
Gourds  and  Umbelliferae  (Fig.  310  E).  Many  transitional  forms 
between  these  two  extremes  are  found. 

Stipules  are  sometimes  developed  in  connection  with  the  floral 
leaves;  thus  in  some  Rosaceas  (Potentilla,  Comarum,  Geum,  AU 
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chemilla)  the  stipules  of  the  sepals  form  a  eaJy cuius  or  epiealyx: 
stipnles  are  developed  in  connexion  with  the  petals  of  some 
SapotaceoB  (Dipholis,  Mimusops)  ;  and  in  connexion  with  the 
stamens  of  Allium,  Omithogalam,  some  ZjgophyllacesB,  etc. 

Tlie  Phyllotdnj  of  the  Flower.  The  floral  leaves,  like  the  foliage- 
leaves  on  the  stem  (see  p.  25),  are  frequently  arranged  spirally, 
(e.g.  Calycanthus,  Anemone,  TroUins)  when  the  flower  is  acyclic. 
The  most  common  divergence  is  f,  bat  higher  divergences  also 
occur,  especially  in  the  androecium,  when  numerous  small  organs 
are  inserted  upon  an  expanded  axis  (e.g.  Ranunculus).  In  the 
spiral  or  acyclic  flower  there  is  either  no  well-marked  distinction 
of  the  various  series,  that  is,  the  members  of  the  calyx,  corolla, 
and  androBcium,  are  connected  by  intermediate  forms  {e.g,  Nym- 
phaea) ;  or  the  various  series  are  sharply  defined,  each  series  taking 
up  one  or  more  turns  of  the  spiral. 

In  most  cases  the  floral  leaves  are  arranged  in  whorls,  that  is, 
the  flowers  are  cyclic.  Cyclic  flowers  are  connected  by  inter- 
mediate forms  with  the  acyclic,  especially  through  pentamerous 
forms.  Thus  some  pentamerous  flowers  are  hemicydtc,  that  is, 
some  of  their  floral  leaves  are  arranged  spirally,  and  the  others  in 
whorls.  Instances  of  a  spiral  perianth  combined  with  cyclic  sporo- 
phylls  are  afforded  by  those  flowers  in  which  the  members  of  the 
perianth,  calyx,  or  corolla  are  developed  in  \  succession,  and  the 
prefloration  is  quincuncial  (see  p.  60) ;  the  perianth  is  spiral  in 
the  flowers  of  the  Cannabinaceee,  ChenopodiaccBB,  and  Amarantacete; 
the  calyx  is  spiral  in  the  flowers  of  the  Bindweed  (Calyategia 
Sepium)j  the  Rose,  some  Boraginaceae  (Cerinthe,  Echium,  etc.), 
GeraniacesB,  Oxalidaceee,  Linacece,  Caryophyllaceae,  and  many  other 
dicotyledonous  orders ;  both  calyx  and  corolla  are  spiral  in  Tem- 
stroemia  and  Clusia.  Though  the  phyllotaxy  is  not  i  in  Camellia, 
the  calyx  and  corolla  are  spirally  an-anged.  In  other  cases,  the 
sporophylls  are  spirally  arranged,  whilst  the  perianth-leaves  are 
cyclic.  For  instance,  in  Magnolia,  Ranunculus,  and  Helleborus, 
both  stamens  and  carpels  are  spirally  arranged;  and  in  Delphinium 
and  Aconitum,  the  stamens  only. 

Closely  related  to  the  foregoing  cases  of  f  phyllotaxy — occur- 
ring in  fact  not  only  in  flowers  of  closely  allied  species,  but  also 
in  flowers  of  the  same  species — are  certain  of  the  typical  forms  of 
cyclic  arrangement  in  which  each  series  (whether  perianth,  calyx, 
corolla,  or  androecium),  instead  of  consisting  of  five  floral  leaves, 
taking  up  two  turns  of  a  spiral  with  a  divergence  of  f ,  consists  of 
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fonr  or  six  leaves  arranged  in  two  whorls,  consisting  respectively 
of  two  or  three  leaves. 

For  purposes  of  comparative  description,  it  is  convenient  to 
regard  each  turn  of  the  spiral  in  an  acyclic  or  a  hemicyclic  flower 
as  equivalent  to  a  whori :  thus  a  well-defined  series  with  |-  arrange- 
ment would  represent  two  whorls. 

As  in  the  case  of  the  foliage- leaves  (see  p.  45),  so  in  that  of  the 
floral  leaves,  the  order  of  development  is  as  a  role  acropetal : 
hence  each  whorl  of  the  flower  is  developed  later  than  the  one 
external  to  it,  and  earlier  than  the  one  internal  to  it.  When, 
however,  a  series  of  floral  organs  is  becoming  degenei'ate,  its  de- 
velopment is  retarded;  for  instance,  in  the  Compositae,  Valeri- 
anaceie,  and  UmbelliferaB,  the  degenerate  calyx  is  developed  after 
the  corolla,  or  even  after  the  andrcecium.  The  members  of  each 
whorl  may  be  developed  either  simultaneously  or  successively. 

In  their  arrangement,  also,  the  floral  leaves  resemble  the  foliage- 
leaves.  When,  in  an  acyclic  or  hemicyclic  flower,  the  spiral  is 
continuous  with  the  same  divergence  from  one  series  of  floral 
organs  to  another,  the  members  of  the  successive  series  lie  on 
the  same  radii  drawn  from  the  centre  of  the  flower,  that  is,  they 
are  directly  superposed,  A  good  example  of  this  is  afforded  by 
the  terminal  flower  of  the  inflorescence  of  Berberis  (Fig.  311 ; 
occasionally  in  Epimediura,  and  also  in  Gagea  among  Monocotyle- 
dons), where  the  stamens,  petals,  and  sepals  are  all  directly  super- 
posed :  similarly  in  Ternstroemia  and  Clusia,  where  the  sepals  and 
petals  are  in  a  continuoas  ^  spiral,  the  petals  are  superposed  on 
the  sepals.  When,  on  the  other  hand,  the  divergence  varies  from 
one  series  to  another,  direct  superposition  does  not  occur,  but  some 
form  of  alternation,  as  is  generally  the  case  in  acyclic  flowers :  for 
instance,  the  calyx  of  certain  (pentamerous)  forms  of  Anemone 
and  other  Ranunculacese  is  arranged  with  a  |^  divergence,  whereas 
the  divergence  of  the  stamens  is  ^V  ^^  /r-  ^^  hemicyclic  flowers 
with  a  simple  spiral  perianth  and  cyclic  stamens  (e,g.  Canna- 
binacese,  ChenopodiaceaB,  Amarantaceae),  the  stamens  are  super- 
posed on  the  perianth-leaves. 

When  the  floral  leaves  are  in  whorls  consisting  of  equal  numbers 
of  members,  the  general  rule  is  that  the  members  of  the  successive 
whorls  alternate  with  each  other :  thus,  in  a  flower  with  calyx, 
corolla,  andrcecium,  and  gynseceum,  each  consisting  of  a  single 
whorl  of  five  members,  the  petals  alternate  with  the  sepals,  the 
stamens  with  the  petals,  and  the  carpels  with  the  stamens  ;  and 
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if  radii  be  drawn  from  the  centre  of  the  flower,  it  will  be  seen 
that  the  stamens  are  opposite  to  the  sepals  and  the  carpels  to  the 
petals,  or  more  brieflj,  that  the  stamens  are  antisepalcms  and  the 
carpels  are  antipetalcnis.  This  is  not,  however,  a  case  of  direct 
superposition,  since  the  corolla  intervenes  between  the  androecium 
and  the  calyx,  and  the  androecinm  intervenes  between  the  gynae- 
cenm  and  the  corolla. 

There  are,  however,  certain  cases  in  which  this  law  of  alternation 
does  not  prevail,  in  which,  that  is,  the  members  of  successive 
whorls  are  directly  superposed.  For  instance,  the  (4-5)  stamens 
are  directly  antipetalous  in  sevei-al  natural  orders  (Primulace», 
Myrsinaceee,  Sapotacese,  Plumbaginaceee,  AmpelidaceeB,  Rham- 
nacesB)  ;  again,  in  some  CarapanulaceaB  (e,y.  Campanula  Medium, 
Fig.  312,  Michauxia)  the  (5)  carpels  are  directly  superposed  on 
the  stamens. 

The  Floral  Diagram. — These  various  arrangements  of  the  floral 


Fio.  311. -Floral  diagram  (groand-plan) 
of  an  aoyolio  flower,  with  {  divergence  in 
the  calyx,  corolla,  and  andrceciam  (ter- 
minal flower  of  Berberis :  after  Eichler). 


Fie.  812.  — Floral  diagram  of  Cam- 
panula Medium  I  the  five  carpels  are 
directly  enperposed  on  the  stamens. 
(After  Eichler). 


leaves,  like  those  of  the  foliage-leaves,  are  most  clearly  repre- 
sented by  means  of  diagrams  (see  p.  25).  In  a,  floral  diagram,  the 
calyx  lies  externally,  and  the  gyneeceum,  as  being  the  uppermost 
series  of  organs  (even  in  epigynous  flowers)  lies  most  internally. 
Tn  order  to  be  able  readily  to  distinguish  the  various  series, 
symbols  are  used  which  recall  some  peculiarity  of  their  form : 
thus  the  midrib  of  the  sepals  is  indicated,  and,  in  the  case  of 
the  stamens,  the  anthers. 

If  only  such  relations  of  position  as  can  be  actually  observed  in 
a  flower  are  indicated  in  the  diagram,  a  simple  empirical  diagram 
is  the  result.  If,  however,  the  resnlfs  of  the  investigation  of  the 
development  of  the  flower  and  of  the  comparison  of  it  with  others 
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be  borne  in  mind,  a  general  plan  of  arrangement  will  be  detected, 
and  the  individual  pec nliari ties  of  arrangement,  quite  apart  from 
anj  variation  in  the  form  of  the  organs,  will  be  seen  to  be  due 
either  to  the  suppression  of  one  or  more  whorls  or  of  one  or  more 
members  of  a  whorl,  or,  more  rarely,  to  a  multiplication  of  the 
whorls  or  of  their  members.  If,  however,  the  organs  which  are 
absent,  but  which  should  typically  be  present,  be  indicated  in  the 
empirical  diagram  by  dots,  it  becomes  a  theoretical  diagram.  In 
this  way  it  is  possible  to  arrive  at  general  types  on  which  large 
numbers  of  flowers  are  constructed.  Fig.  313,  for  instance,  is 
the  empirical  diagram  of  the  flower  of  the  Lily,  and  it  is  at  the 
same  time  the  type  on  which  the  flower  of  Grasses  (Fig.  -314)  is 
constructed  in  which  certain  organs  are  suppressed. 

In  constructing  a  floral  diagram  the  position  of  the  main  axis 
should  be  indicated  by  a  dot  placed  above  the  diagram:  the 
bract,  which  would  of  course  be  exactly  opposite  to  it,  may  or  may 


Fie.  313.— Floral  Dia^rrftm  Fia.  314.— Flond  Diagram  Fio.  315.— Floral  Dia- 

of  a  Lily.  of  a  Orasa.  gram  of  a  Crucifer ;  the 

median     stamens     are 
duplicated. 

not  be  indicated :  the  side  of  the  flower  toward  the  main  axis  is 
said  to  be  posteriory  and  that  toward  the  subtending  bract,  anterior. 
A  plane  which  passes  through  the  flower  and  also  through  the 
main  stem  and  the  median  line  of  the  bract  is  termed  the  median 
plane  or  section  6i  the  flower :  the  plane  which  cuts  the  median 
plane  at  right  angles  is  the  lateral  plane  or  section:  and  the 
plane  which  bisects  the  angles  made  by  the  intersection  of  the 
median  and  lateral  planes  is  the  diagonal  plane  or  section:  any 
plane  other  than  these  is  said  to  be  oblique.  By  means  of  these 
conceptions  the  position  of  the  parts  of  a  flower  may  be  accurately 
indicated :  thus,  in  describing  the  flower  of  the  Cruciferae  (Fig. 
315),  the  two  external  sepals  lie  in  the  median  plane;  the  two 
inner  sepals,  the  two  outer  stamens,  and  the  two  carpels,  in  the 
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lateral  plane ;  whilst  the  petals  and  the  four  inner  stamens  lie  Iti 
the  diagonal  planes. 

The  number  and  the  relations  of  the  different  parts  of  the  flower 
may  be  indicated  not  by  diagrams  only,  but  also  by  formnlsB  in 
which,  as  in  the  diagrams,  for  the  sake  of  clearness,  all  the 
peculiarities  of  form  are  overlooked.  Thus  the  diagram  Fig. 
313  may  be  expressed  by  the  formula  X3,  C3,  J3  +  3,  G^^,  which 
means  that  the  calyx  K,  and  the  corolla  0,  each  consist  of  a 
single  whorl  of  three  members,  the  androecium  of  two  whorls 
each  of  three  members,  and  the  gyufleceum  of  one  whorl  of  three 
members,  all  in  regular  alternation.  When  one  whorl  is  super- 
posed on  another,  the  superposition  is  indicated  in  the  formula  by 
a  line  j  between  the  whorls.  If  the  number  of  members  in  any 
whorl  is  variable,  the  letter  n  is  used  instead  of  a  number.  Thus, 
for  instance,  Kn,  (7n,  An  -f  n,  Gn  is  the  theoretical  formula  of 
most  Monocotyledons.  The  absence  of  a  whorl  is  expressed  by  a 
cypher  0,  and  of  individual  members  by  the  number  of  those 
actnally  present.  Thus  the  formula  for  the  flower  of  a  Grass 
(Fig.  314)  is  iCO,  CO,  -^3  -H  0,  (?\  Superior  and  inferior  ovaries 
are  indicated  by  a  stroke  below  or  above  the  corresponding  figure, 
and  duplication  by  the  exponent  2;  thus  the  diagram  Fig.  315 
is  represented  by  the  formula  K2  -\-  2,  C  X  4,  A2  -\-  2^,  G^, 
the  X  after  C  indicating  that  the  position  of  the  petals  is  diagonal, 
i.e.  that  the  four  petals  alternate  with  the  four  sepals,  as  if  the 
latter  all  belonged  to  the  same  whorl.  The  bracket  in  which  the 
number  of  the  carpels  of  the  gynaeceum  G  is  enclosed,  indicates 
that  the  members  thus  bracketed  are  coherent.  Staminodia  may  be 
distinguished  by  a  t  before  the  figure.  When  the  perianth  is  not 
differentiated  into  calyx  and  corolla,  it  is  expressed  by  the  letter 
P:  thus  the  formula  for  the  flower  of  Chenopodium  i8P5  |  A^  G^^\ 

The  Number  of  Members  in  a  Whm-l  shows  considerable  varia- 
tion :  thus,  in  Monocotyledons  it  is  generally  three  (rarely  two  or 
five),  whereas  in  Dicotyledons  it  is  frequently  five,  less  frequently 
two  or  four,  rarely  three  (e.^.  most  Lauraceae,  Berberis,  Rheum, 
Polygonum).  The  number  of  members  in  a  whorl  is  indicated 
by  the  terms  di-  iri-  tetra-  penia-merousy  etc.  Whorls  containing  the 
same  number  of  members  are  said  to  be  isomerous ;  or,  when  the 
number  of  members  is  not  uniform,  heteromerous.  Flowers  having 
isomerous  whorls  are  said  to  be  euqjclic  or  isocyclic,  whereas  when 
the  whorls  are  heteromerous  the  flowers  are  said  to  be  heterocyclic. 
Of  these  two  conditions  the  latter  is  the  more  common,  though  the 
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former  is  frequently  realized  {e.g.  many  Monocotyledons).  The 
heterocyclic  condition  is  due  either  to  the  number  of  members  in 
one  or  more  of  the  whorls  being  smaller  (oligomery)  or  greater  (pleio- 
mery)  than  that  which  is  the  typical  number.  The  commoner  cases 
of  oligomery  are  to  be  found  in  the  whorls  of  sporophylls,  especi- 
ally in  the  gynoBceum :  for  instance,  the  typically  pontamerous 
flower  of  the  Saxifragacea)  is  heterocyclic  because  of  the  oli- 
gomerous  (dimerous)  gynaeceum;  similarly,  in  the  Scrophula- 
riaceas,  the  androecium  is  generally,  and  the  gynaecenm  is  always, 
oligomerons,  the  former  consisting  of  but  two  or  four  stamens,  the 
latter  of  but  two  carpels.  Pleiomery  is  of  less  frequent  oc- 
currence :  however  in  the  CrucifereB  (Fig.  315)  the  whorls  of  the 
calyx,  the  outer  whorl  of  stamens,  and  the  gynsBcenm,  are 
dimerous,  but  the  corolla  and  the  inner  whorl  of  stamens  are 
tetramerous  and  hence  pleiomerous :  similarly,  one  or  more  whorls 
of  the  andrcecium  in  the  Papaveraceee,  Phytolaccaceae,  and  Poly- 
gonacece,  are  pleiomerous  :  and  probably  in  other  cases  where  the 
number  of  the  stamens  is  twice  that  of  the  petals  or  sepals,  that 
is,  where  the  flower  is  diplostemonouSf  the  condition  is  due  rather 
to  pleiomery  (duplication)  of  a  single  whorl  than  to  the  develop, 
ment  of  two  whorls  as  is  usually  assumed  (see  below,  under 
pleiotaxy).     Pleiomery  of  the  corolla  is  common  in  double  flowers. 

Heteromery  necessarily  affects  the  alternation  of  the  floral  leaves 
of  the  successive  whorls.  Thus,  in  the  Cruciferae,  where  the  calyx 
consists  of  two  alternating  dimerous  whorls,  and  the  corolla  of  a 
single  tetramerous  whorl,  the  four  petals  alternate  with  the  four 
sepals  just  as  if  the  sepals  all  belonged  to  a  single  whorl.  When, 
as  is  very  frequently  the  case,  the  gynodceum  is  oligomerous,  the 
carpels  (or  carpel)  present  do  not  appear  to  occupy  any  definite 
position  with  regard  to  the  preceding  organs. 

The  Number  of  Whorht  in  the  Flower.  The  simplest  case  is  that  in 
which  each  series  of  floral  organs — calyx,  corolla,  androecium,  gynee- 
ceum — occupies  a  single  whorl,  or  is  monocyclic  :  this  is  realised  in 
a  few  natural  orders,  either  accompanied  with  regular  alternation 
{e.g.  Asclepias,  Cornus,  Caprifoliaceae  generally,  Iridaceee,  Orchi- 
daceae),  or  with  antipetalous  stamens  {e.g.  Rhamnaceaa,  Ampeli- 
daceae).     In  this  case  the  flower  is  tetracyclic. 

More  commonly  one  or  more  of  the  series  may  occupy  two 
whorls,  or  be  dicyclic.  This  is  generally  the  case  when  the  whorls 
are  dimerous  {e.g.  both  corolla  and  androecium  of  OleacesB  and 
FumariaccaB :  corolla  of  Papaver  :  calyx  and  androecium  of  Cruci- 
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ferae ;  perianth  of  Urtica  and  Moras).  Where  the  whorb  are 
trimerous  the  dicjclic  condition  is  frequent :  thus  in  the  majority 
of  Monocotyledons  there  are  two  whorls  of  stamens  whilst  all  the 
other  series  of  the  flower  are  monocyclic,  so  that  the  flower  is 
diplostemonons  with  regular  alternation  :  in  the  comparatively 
few  trimerous  flowers  of  Dicotyledons  the  dicyclic  condition  may 
be  observed  in  the  androecinm  (Rheum,  Polygonum,  Berberis),  or 
in  calyx,  corolla,  and  androecinm  (Cocculus).  The  f  calyx,  which 
is  to  be  found  in  very  many  Dicotyledons,  may  be  regarded  as 
equivalent  to  a  dicyclic  calyx  (see  p.  497).  A  dicyclic  gyneeceum 
is  to  be  found  in  a  few  Monocotyledons  (e.g.  Alisma,  Butomus) 
and  Dicotyledons  (Phytolacca,  and  Malvaceae  such  as  Malva, 
Althaea,  Lavatera). 

The  conclusion  to  be  drawn  from  these  facts  is  that  in  the  com- 
plete dichlamydeous  ambisporangiate  flowers  of  Angiosperms  there 
are,  as  a  general  mle,  five  whorls  of  floral  leaves ;  the  flowers  are 
pentacyclic.  In  most  Monocotyledons  the  five  whorls  belong,  one 
to  the  calyx,  one  to  the  corolla,  two  to  the  androecinm,  and  one  to 
the  gynaeceum:  in  most  Dicotyledons  they  belong,  two  to  the  calyx, 
one  to  the  corolla,  one  to  the  androecinm,  and  one  to  the  gynaecenm. 

If,  now,  such  a  pentacyclic  flower  with  regularly  altematiug 
whorls  be  taken  as  a  type  or  standard  of  comparison,  it  will  be 
observed  that  many  flowers  deviate  from  it  by  having  either  a 
larger  or  a  smaller  number  of  whorls,  the  deviation  being  combined 
in  some  cases  with  direct  superposition. 

Fleiotaxyy  or  an  increase  in  the  number  of  the  whorls  in  a  flower, 
is  characteristic  of  a  number  of  genera  belonging  to  various 
natural  orders.  Instances  have  been  mentioned  above  of  Mono- 
cotyledons and  of  Dicotyledons  having  flowers  with  a  dicyclic 
gynaeceum ;  of  Dicotyledons  with  a  dicyclic  corolla  or  andrce- 
cium :  but  the  number  of  whorls  is  sometimes  much  greater 
(16  in  Aquilegia),  when  the  flowers,  as  also  the  special  series,  are 
said  to  be  poly  cyclic.  Thus,  the  calyx  is  polycyclic  in  Nandina 
(Berberidaceae)  and  in  Sychnosepalum  (Menispermskceae) ;  the 
androecinm,  in  Aquilegia,  Camellia,  Rosa,  Lauraceae,  and  Papaver- 
aceae ;  the  gynaeceum,  in  some  Alismaceae  and  Butomaceae.  In 
some  cases,  one  series  becomes  polycyclic  at  the  expense  of 
another:  thus  in  the  acyclic  flowers  of  Clematis,  Anemone,  and 
Caltha,  the  petals  are  replaced  by  stamens  so  that  the  number  of 
turns  of  the  spiral  (= whorls)  in  the  androecium  is  increased  whilst 
the  corolla  disappears.      The  "  doubling  '*  of  flowers  is  commonly 


Digitized  by 


Google 


GROUP  IV. — PHANKROGAMIA  :   ANGI0SPERMJ5. 


503 


dae  to  the  polycyclic  development  of  the  corolla,  the  additional 
whorls  being  either  new  formations,  or  the  result  of  the  more  or 
less  complete  replace- 
ment of  the  sporophylls 
by  petals. 

An  important  case  is 
that  to  be  found  in 
several  Dicotyledonous 
orders  (Ericaceaj,  Rho- 
doraceed,  PyrolacesB, 
CrassulacesD,  Fig.  318, 
SaxifragacesB,  some 
Caryophyllacere,  Fig. 
317;  OnagraceaB,  Fig. 
323 ;  Geraniace89,  Ox- 
alidacese,  Zygophyllaceee, 
Rutaceae,  Fig.  317  C) 
where  the  flower  is  diplo- 
stemonous,  and  the 
androecinm  is  apparently  dicyclic :  but  the  flower  is  not  simply 
diplostemonons  (as  in  the  Monocotyledons),  because  the  whorls  do 
not  alternate  regularly;  the  stamens  of  the  apparently  outer  whorl 
are  directly  antipetalous,  consequently  the  stamens  of  the  inner 
whorl  are  antisepalous,  and  the  carpels  (in  encyclic  flowers)  are 
antipetalous.  Such  flowers  are  said  to  be  ohdiplostemonous  (Fig. 
317  0). 

A  variation  of  the  typictl  obdiplostemonoas  flower  is  found  in  certain  Caryo- 
pbyllacesB  (e.g,  YisoarU,  Fig.  817  A  ;  Lychnis,  Cerastinm,  some  species  of 

O  O 


Fie. 316.— Floral  diagram  of  BotaUmuntoaa, show* 
ing  the  polycyclio  andraeciam  and  gynaeceam.  (After 
Eichler.) 


} 


A  B  C 

Fie.  317.— Floral  diagrams  of  two  Caryophyllaoeons  flowers  illastrating  two  forms  of 
obdiplostemony :  A  {yitcaria  vvXgarU)  with  antisepalous  carpels :  B  (Sp^rgula  arv«Mi») 
with  antipetalous  carpels  (after  Eiohler  :  C  diagram  of  ohdiplostemonous  flower  of 
Dictamnus. 
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Silene)  with  encyclic  (tetra-  or  penta-^nerous)  flowers,  in  that,  though  the  ap- 
parently outer  stamens  are  directly  antipetalous,  the  carpels  are  antisepaloos. 
This  case  seems  to  he  connected  with  that  of  the  Primulaceas  (pee  p.  498),  where 
there  is  a  single  whorl  of  antipetalous  stamens  and  the  carpels  are  antisepalous, 
through  the  SapotaoeaB  where  a  whorl  of  antisepalous  staminodes  (Sideroxylon, 
Lucuma)  or  of  fertile  stamens  (Isonandra)  is  developed.  It  would,  in  fact, 
appear  that  ohdiplostemony  may  be  the  result  of  either  pleiomery  or  pleiotaxy 
taking  place  in  a  primitively  isomerous  monocyclic  antipetalous  androecium 
(as  in  Primula) ;  when  the  carpels,  in  an  obdiplostemonous  flower,  are  anti- 
sepalous, it  seems  to  be  simply  a  case  of  pleiomery ;  when  they  are  antipetalous, 
it  would  seem  to  be  a  case  of  pleiotaxy,  the  andrcecium  having  become  dioyclic 
by  the  development  of  an  inner  whorl  of  stamens  consequently  involving  a 
change  in  the  position  of  the  gynsceum. 

Oligotaxi/,  or  a  decrease  in  the  number  of  whorls  in  a  flower,  is 
frequently  doe  to  suppression.  For  instance,  owing  to  the  sup- 
pression of  one  whorl  of  stamens  in  some  Monocotyledons,  either 
the  outer  (some  HaBmadoraceae,  also  Cypripedium),  or  the  inner 
(Iridaceae,  most  Orchidaceae),  the  androecium  is  monocyclic.  In 
t>ome  cases  a  whole  series  is  suppressed :  for  instance  the  corolla 
may  be  absent  (e.g.  Glaux,  among  the  PrimulaceaB;  Alchemilla, 
Sanguisorba,  s^mong  the  Kosaceae :  some  Caryophyllaceae,  such  as 
Sagina  apetala,  Sclera  nth  as,  etc.) :  or  the  androecium  or  gynaeceum 
(monoclinous  flowers,  such  as  those  of  Sedum  Hhodiola,  Rhaninus 
cathartica^  Hydrocharidaceae,  ray-florets  of  Compositae,  etc.):  or 
the  whole  perianth  (Fraxinus  excelsior). 

In  most  cases  of  oligotaxy  in  isomerous  flowers,  the  relative 
position  of  the  remaining  whorls  is  undisturbed :  thus,  in  the 
apetalous  flower  of  Glaux,  the  typically  antipetalous  stamens 
alternate  with  the  sepals,  and  in  that  of  Sanguisorba  the  stamens 
are  opposite  to  the  sepals ;  in  the  carpellary  flower  of  Rhamnus 
the  carpels  are  antisepalous  as  in  an  ambisporangiate  flower. 
But  this  is  by  no  means  always  the  case :  for  instance,  in  the 
apetalous  flower  of  Alchemilla  the  stamens  alternate  with  the 
sepals,  seeming  to  take  the  place  of  the  missing  petals :  again, 
the  starainate  flower  of  Sedum  BhodioUi  (Fig.  318)  has  rudi- 
mentary carpels  which  are  antipetalous,  whereas  in  the  carpellary 
flowers  the  carpels  are  antisepalous,  apparently  occupying  the 
place  of  one  of  the  missing  staminal  whorls;  similarly  in  Halophila 
(Hydrocharidaceae)  the  three  carpels  of  the  carpellary  flower  occupy 
the  same  relative  position  as  the  three  stamens  in  the  staminate 
flower. 

Altbough  it  is  true  that,  as  explained  in  the  foregoing  paragraphs,  both 
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oligotazy  and  oligomery  are  frequently  due  to  svppreMion^  in  the  one  case  of 
one  or  more  whorls,  in  the  other  of  one  or  more  members  of  a  whorl,  it  must 
not  be  assumed  that  this  is  the  only  possible  explanation.  On  the  contrary, 
it  is  very  probable  that  the  simple  structure  of  the  flower  in  some  plants  {e.g, 
Urticales  and  Amentales  among  Dicotyledons)  is  not  the  result  of  suppression, 
but  is  itself  typical :  in  other  words,  these  flowers  are  probably  to  be  regarded, 
not  as  reduced,  but  as  primitivey  belonging  to  plants  which  are,  it  may  be,  of  a 
relatively  low  type  among  Phanerogams,  but  which  are  on  the  up-grade^  and 
not  on  the  down-grade  of  organisation.  The  distinction  of  primitive  from 
reduced    forms   is,  at 

the  present  time,  per-  ^  ^ 

haps  the  most  im- 
portant morphological 
problem  presented  by 
Angiosperms,  for  until 
it  is  solved  the  classi- 
fication of  the  group 
will  continue  to  re- 
'  main  unsatisfactory 
and  inconclusive. 


( 


Fie.  318.— Floral  diajtrams  of   Sedum  Shod  tola.     In  the 

The  Melations   of      staminate  flower  A,  the  (abortive) carpels  are  antipetalooa :  in 

Position  between  the       ***•  carpellary  flower  B,  the  carpels  are  antisepalous.    (After 

floral     leaves     and 

those  which  precede  them  on  the  floral  axis,  can  be  most  readily- 
made  out  in  the  case  of  a  flower  borne  laterally  on  a  main  axis, 
the  pedicel  springing  from  the  axil  of  a  bract.  Where,  as  in  most 
Monocotyledons,  the  flower-stalk  bears  but  a  single  bracteole  or 
prophyllum  (see  p. 

493),  this  is  gener-  O  O 

ally  sitnated  op- 
posite to  the  bract 
(Fig.  319^),  that 
is,  posteriorly  to 
the  flower ;  in  this 
case  the  odd  sepal 
of  the  trimerons 
calyx  is  sitnated 
anteriorly.  When, 
as  in  most  Dico- 
tyledons, there  are 
two  lateral  pro- 
phylla  (usually  indicated  as  a  and  fi),  one  on  each  side  of  the 
flower-stalk,  the   position  of   the  sepals  varies  according  to  the 


p. 


Fio.  310.  — Floral  diagrams  of  Lilium  bulbi/«rttm  (after 
Kichler) :  A  with  normal  position  of  the  prophyllam  p,  op- 
poaite  to  the  bract  b:  B  with  lateral  prophyllam  (p}. 
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oomposition  of  the  calyx  :  thas,  if  the  calyx  be  trimeroas  or  penta- 
merous,  the  odd  sepal  is,  as  a  rule,  median,  generally  posterior  or, 
Jess  commonly,  anterior  (e.^.  LeguminosaB) :  the  tetramerous  calyx 
has  usually  two  sepals  in  the  median  plane  and  two  in  the  lateral 
{e.g,  Philadelphus;  Jsnardia  among  Onagraceee;  Bhamnus  catharticoy 


P 


Fio.  S20.— Floral  diagram!  of  Jatmtnum  nudiflorum  (after  Bicbler) :  il  with  normal  lateral 
poaition  of  the  prophylla :  B  with  antero-posterior  position  of  the  prophylla :  the  caljx  is 
hexamerous  and  dicyclic,  the  two  eepala  of  the  outer  whorl  alternating  with  the  prophylla  i 
the  symmetry  of  the  flower  is  isobilateral. 

Ilex).  In  some  few  cases,  when  there  are  two  lateral  prophylla, 
the  four  sepals  of  an  apparently  tetramerous  calyx  are  arranged 
diagonally  (e.g,  Veronica  and  other  Scrophulariacese,  Plantago, 
probably  also  Mimosa,  Fig.  321) ;  this  exceptional  position  is  due 
to  the  fact  that  in  these  plants  the  calyx  is  typically  pentamerous, 
though,  in  consequence  of  the  suppression  of  the  posterior  median 
sepal,  it  appears  to  be  tetramerous. 

As  a  general  rule,  the  genetic  relation  between  the  sepals  and 
the  prophylla  is  that  the  first  sepal  of  a 
successively-developed  calyx  arises  on 
the  opposite  side  of  the  axis  (though 
higher)  to  the  single  prophyllum  or  to  the 
upper  {P)  when  there  are  two.  Hence 
the  position  of  the  prophylla  affects  that 
of  the  sepals  and,  consequently,  that  of 
all  the  floral  organs.  Thus,  it  is  not  un- 
common in  the  Monocotyledons  for  the 
single  prophyllum  to  be  placed  either 
obliquely  or  laterally  (some  Liliacea?, 
Canna,  etc.),  and  then  all  the  whorls  of  the  flower  present  a 
corresponding  displacement  (Fig.  319  B)  ;  the  same  thing  occurs 


Fio.  321.— Floral  diagram  of 
Mimosa,  showing  the  diagonal 
position  of  the  sepals  (after 
Eicbler). 
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in  Dicotyledons  when,  as  is  frequently  the  case,  the  prophylla 
ai'e  not  exactly  lateral,  bat  converge  anteriorly  or  posteriorly,  or 
are  even  anterior  and  posterior  (Fig.  320  B). 

When  the  one  or  the  two  prophylla  are  suppressed,  the  position 
of  the  sepals  may  be  the  same  as  if  the  prophylla  were  present 
(e.g.  Cruciferee);  but,  more  commonly,  the  first  sepals  are  de- 
veloped in  the  places  of  the  missing  prophylla.  Thus,  in  the 
absence  of  two  lateral  prophylla,  the  first  two  sepals  of  a  tetra- 
merous  calyx  are  latei'al  {e.g.  tetramerous  calyx  of  Francoa, 
Epilobium,  Clarkia) ;  again,  in  a  trimerons  calyx,  the  first  nor- 
mally anterior  sepal  tends  to  be  posterior  when  the  single  pos- 
terior prophyllum  is  absent  {e.g.  Orchis,  Musa) ;  and,  further,  in  a 
pentamerons  calyx  the  first  and  second  sepals  are  postero-lateral 
{eg.  Primula,  Reseda)  since  the  first  sepal  occupies  the  place  of 
prophyllum  a,  and  the  second  that  of  prophyllum  )8,  with  slight 
posterior  convergence. 

The  Symmetry  of  the  Flower,  The  flower  presents  all  the 
varieties  of  symmetry  which  are  discussed  in  Part  I.  (p.  8)  ;  these 
are  mainly  d^ermined  by  the  number  and  the  relative  develop- 
ment of  the  floral  leaves,  and  in  a  few  cases  by  the  development 
of  the  floral  axis  or  receptacle. 

The  symmetry  may  be  radial  or  actinomorphic.  When  an  encyclic 
flower  is  also  regular,  that  is,  when  the  members  of  each  whorl 
are  similar  to  each  other  in  size  and  form,  it  can  be  divided  into 
symmetrical  halves  by  sections  made  in  two  or  more  planes,  the 
halves  produced  by  section  in  one  plane  being  similar  to  those 
produced  by  section  in  one  or  more  other  planes.  Such  a  flower 
is  polysymmetrical  (see  p.  9).  The  number  of  these  planes  of 
symmetry  depends  upon  the  numerical  constitution  of  the  flower. 
Thus  a  regular  eucyclic  trimerous  flower  {e.g.  Lilium  and  other 
Monocotyledons)  can  be  so  divided  in  three  planes,  the  median 
and  the  two  diagonals,  that  all  the  three  pairs  of  resulting  halves 
are  exactly  alike  (Fig.  322  B).  Similarly,  the  pentamerons  flower 
of  Primula,  Geranium,  species  of  Campanula,  is  divisible  in  five 
planes  (Fig.  322  A).  But  where  the  flower  is  tetramerous  {e.g. 
Fuchsia,  Rhamnus  cathartica,  Euonymus  europcetts),  there  are  but 
two  planes  of  section,  the  median  and  the  lateral,  which  will  give 
exactly  simiUr  halves,  though  the  flower  is  also  symmetrically 
but  diversely  divisible  in  the  diagonal  planes  (Fig.  323  A)  ;  or, 
again,  where  the  flower  is  hexamerous  (e.g.  species  of  Sedum)  it 
is  symmetrically  divisible  in  twelve  planes,  but  the  halves  produced 


Digitized  by 


Google 


508 


PART   HI.— THE   CLASSIFICATION    OF   PLANTS. 


A  B 

Fio.  322.— ii  Diagram  of  the  pentamerons  flower 
of  Primala,  showing  the  five  planes  of  symmetry ; 
the  stamens  are  antipetalous ;  there  are  no  pro- 
phylla.  B  Diagram  of  the  trimeroos  flower  of 
Liliam,  showing  the  throe  planes  of  symmetry. 
(After  Eichler.) 


bj  the  section  in  six  of  the  planes  are  unlike  those  produced  by 
section  in  the  other  six  planes. 

The  symmetry  may  be  iaohilateral ;  in  this  case  the  flower  is 
divisible  into  symmetrical  halves  in   two  planes,  but  the  halves 
Q  produced  by  section  in  one 

plane  are  unlike  those  pro- 
duced by  section  in  the 
other  plane.  Thus,  a  re- 
gular encyclic  dimerous 
flower  {e.g.  Girccea  luteti- 
ana.  Fig.  323  B ;  Fraxinus 
dipetala),  is  symmetrically 
divisible  in  the  median 
and  lat'ei*al  planes,  but  the 
halves  produced  by  the 
median  section  differ  fi*om 
those  pi-oduced  by  the 
lateral  section.  This  is 
true  also  of  some  regular 
heterocyclic  flowera,  such  as  those  of  the  CracifersB,  Jasminum, 
Olea  europcea,  Cornus,  Hamamelis,  the  whorls  of  which  ai-e  2- 
or  4-  meroua,  and  of  the  somewhat  pecaliar  flower  of  Dicentra. 

The  symmetry  may  be  zygoinorphic,  that  is,  the  flower  may  be 
vwnosymmetrical,  there  being  only  one  plane  in  which  it  is  sym- 
metrically  divisible.      This   condition  is  to  be  found  in  regular 

heterocyclic  flowers,  and 
is  the  result  of  oligomery 
of  the  whorls,  generally  of 
the  gynsBceum,  rarely  of 
the  androecium.  Flowers 
of  this  type  are  common 
among  Dicotyledons  (e.g, 
in  the  Ribesiaceae,  Apo- 
cynaceas,  Boraginacese, 
Solanacea3,  GentianacesB, 
Campanulaceee,  Compo- 
sitaB,  Rosacese,  Saxifrag- 
aceae,  Umbelliferae,  etc.), 
the  oligomerous  gynaeceum  having  1-4,  generally  2,  carpels,  the 
rest  of  the  flower  being  pentamerons  or  hexamerous.  In  this  case 
the  plane  of  symmetry  is  determined  by  the  position  of  the  carpels. 


Fio.  323.— X  Diagram  of  the  tetrameroas  flower 
of  Fuchsia,  showing  the  four  planes  of  symmetry. 
B  Diagram  of  the  dimerous  flower  of  GircsBa,  show- 
ing isobilateral  symmetry. 
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Thus,  when  there  are  two  carpels,  the  plane  of  symmetry  is  generally 
median  because  the  carpels  are  frequently  median  or,  less  com- 
monly, lateral  {ejg.  Vinca  minor,  Bibes  alpinum,  Fig.  324  A,  B): 
but  when  the  two  carpels  are  placed  obliquely  (e.g.m&uj  Solanacese, 
such  as  Petunia,  Fig.  324  D ;  Datura,  Hyoscyamus :  Menyanthes 
among  Gentianaceae,  Fig.  324  i^;  Saxifraga),  the  plane  of  symmetry 
is  oblique.  Similarly,  when  the  gynseceam  is  monomerous  or 
trimeroas,  if  it  is  so  situated  that  its  plane  of  symmetry  coincides 
with  the  median  plane  of  the  flower  {e.g.  with  monomeroas 
gyneeceum,  Mii^abilis,  Mahonia ;  with  trimerous  gyneeceum,  Pole- 


D 


E 


Fio.  324.— Floral  diagntms  illustrating  monoftymmetry  due  to  oligomery  of  the  gynes- 
cenm  :  A  Vinca  minor ;  B  RiJbe*  alpina ;  in  these  the  plane  of  symmetry  is  median  :  C  Saxi- 
fraga ;  D  Petania ;  in  these  the  plane  of  symmetry  is  oblique :  gl  gland :  a  /3  prophylla : 
E  terminal  flower  of  Gtniiana  r^ma,  with  median  plane  of  symmetry:  F  lateral  flower  of 
Mtnyanthet  irifoliaUi,  with  oUique  plane  of  symmetry ;  p  p  prophylla.    (Aiter  Eichler.) 

monium ;  some  Caryophyllacese  including  most  species  of  Silene, 
St,ellaria,  Spergularia,  etc.;  some  Campanulaceee ;  Deutzia  crenata; 
Sambucus  Ebulus,  etc.),  then  the  plane  of  symmetry  of  the  flower 
is  the  median  plane ;  but  when  the  plane  of  symmetry  of  the 
gynsBceum  is  oblique  (e.g.  with  monomerous  gynaeceum,  Berberis, 
Anacardium ;  with  trimerous  gyneeceum,  some  Malpighiaceae, 
^sculus)  the  plane  of  symmetry  of  the  whole  flower  is  oblique 
likewise. 
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Monosymmetry  in  conseqaence  of  an  oligomeroas  andrceciam 
is  less  common  ;  a  good  instance  is 
afforded  by  Gommelyna  coelestis,  in  which 
flower  the  plane  of  symmetry  is  obliqne 
(Fig.  325).  Monosymmetry  is  also  cha- 
racteristic of  irregular  flowers,  whether 
eacyclic  or  heterocyclic ;  of  flowers,  that 
is,  in  which  the  members  of  one  or 
more  whorls  differ  in  varions  respects 
among    themselves,    accompanied     fre- 

nonymmetry  due  to  oiigomery  nnmber  of  members  in  one  or  other  of 
of  the  andnBcium :  the  plane      ^i^^  whorls,  frequently  of  the  androecinm: 

of  symmetry  is   oblique :    the        ,      ,       .         '  ,  ^ 

three  black  stamens  are  sterile,       it   18,   m   fact,   to   irregular   flowers   that 

and  the  postero-iaterai  stami-      the  term  zuqomorphic  is  specially  applied 

node    is    often     absent :     the       .      ^^  ,^.         vT  .  o      i  « 

antoro-iaterai  fertile  stamen  1^  Descriptive  Botany.  Such  a  flower 
has  a  broader  connective  than  usually  presents  a  clear  distinction  into 
t  e  ot  ers.  (  c  er.)  ^^^  diverse  portions,  an  anterior  and  a 

posterior,  separated  by  the  lajkeral  plane,  whilst  the  two  lateral 
halves  about  the  median  plane  are  symmetrical ;  hence  it  is 
clearly  dorsiventral  (Fig.  326). 

Dorsiventrality  is  presented  by  some  flowers  which,  so  far  as 

their  early  development  is 
concerned,  or  even  so  far 
as  is  shown  by  their  floral 
diagi^am,  are  actinomorphic, 
isobilateral,  or  simply  zy- 
gomorphic,  the  dorsiven- 
trality being  due  to  the 
subsequent  irregnlar  de- 
velopment of  some  of  the 
floral  leaves ;  as  in  some 
eucyclic  flowers  (e.g.  among 
Monocotyledons,  Agapan- 
thus,  Alstroemeria,  Ama- 
ryllis, Gladiolus ;  among 
Dicotyledons,  Dictamnus, 
and  other  Rute89,  species  of 

Fid.  m-Dor.ivent«l  flower  of  a  Heracleum  i^p^^tiens.      Pelargonium), 

and    in  some    heterocyclic 
flowers  (e.^.  some  Scrophulariaceas,  Labiates,  some  Caprifoliace», 
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Violaceae,  Echiam,  Lobelia,  Oi-chidace©,  the  marginal  flowers  of 
the  inflorescences  in  some  Umbelliferee  and  the  raj-florets  of  some 
Composite).     The  degree  of  irregnlaritj  in  these  flowers  varies 
widely  ;  the  irregnlaritj  may  be  very  slight,  due  to  the  more  active 
growth  of  the  leaves  (perianth-leaves  only,  or  stamens  also)  of 
one  half  of  the  flower,  either  the  posterior  (e.gr.  Gladiolus),  or  the 
anterior  {e,g,  Amaryllis),  which  causes  an  upward  or  a  downward 
curvature ;  this  is  more  marked  in  Dictamnus  where  the  calyx 
and  corolla  tend  to  form  two  lips,  an  upper  and  a  lower;  this 
bilabiate  form  of  flower  is  more  fully  developed  in  the  calyx  and 
corolla  of  the  Labiatae,  the  corolla  {personaie,  the  lips  being  closed) 
of  the  Scrophulariaceas,  and  of  the  OrchidacecB  and  Lobelia.     In 
not  a  few  cases  the  irregularity  of  the  flower  is  increased  by  the 
development  of  spurs  from  some   portion   of  the   perianth   {e.g. 
among    Monocotyledons,     Or- 
chis, Rhinopetalum,  from  the 
corolla ;   among  Dicotyledons, 
Linaria,  Viola,  from   the   co- 
rolla; Pelargonium,  from  the 
calyx).      A  remarkable  mor- 
phological feature  is  offered  by 
the  flowers  of  Orchis  and  of 
Lobelia  which  are  reaupinate ; 
that  is,  in  consequence  of  tor- 
sion of  the  pedicel,  the   pos- 
terior side  of  the  flower  becomes 
anterior.     The  plane  of  sym- 
metry is  generally  median  in 
these  flowers. 

In  some  few  cases  the  irregularity,  leading  to  doraiventrality, 
is  dae,  not  to  the  unequal  development  of  the  floral  leaves,  but 
to  the  configuration  of  the  floral  receptacle,  so  that  the  floral 
leaves  are  not  developed  in  a  radially  symmetrical  manner  (e.g. 
Reseda,  Papilioneae,  Fig.  327). 

When  in  irregular  flowers  the  single  plane  of  symmetry  is  the 
median  plane,  the  flower  is  dorsiventral :  but  there  are  other  cases 
(e.g,  flowers  of  some  Fumariaceae,  Fumaria,  Corydalis)  in  which 
the  single  plane  of  symmetry  is  the  lateral ;  these  flowers  are 
therefore  not  dorsiventral,  that  is,  they  have  not  antero-posterior, 
but  lateral,  asymmetry.  The  zygomorphic  symmetry  of  a  flower 
is  indicated  in  its  floral  formula  by  symbols ;   when  the  plane  of 

V.  8.  B.  L   L 
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Fio.  327.— Diagram  illnstnitinfir  dorsiventral 
aymmetiy  in  legaminooa  flowers:  A  Vieia 
Faba  (PapilioneSD):  B  Cereit  Siliquattrum 
(CoealpiniesB) :  in  both  cases  the  odd  sepal 
is  anterior :  the  plane  of  symmetry  is  median. 
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sjmmefcrj  coincides  with  the  median  plane  the  symbol  4^  is  used, 
and  when  it  coincides  with  the  lateral  plane  the  symbol  ->. 

Sometimes  regular  flowers  are  developed  by  plants  which 
usually  produce  irregular  flowers:  these  exceptional  flowera  are 
termed  peloria.  This  is  due  in  some  cases  to  the  fact  that  the 
primitive  number  and  arrangement  of  the  floral  organs  is  not 
disturbed  by  the  irregular  development  of  the  parts  which  usually 
takes  place :  such  cases  are  distinguished  as  regular  peloria  (e.g, 
Viola,  Gloxinia,  Labiatae,  etc.)  In  other  cases  the  peloric  flower 
is  to  some  extent  the  result  of  the  symmetrical. development  of  the 
irregularity  (e.g,  the  development  of  five  spurred  petals  and  five 
stamens  in  Linaria).  Dorsiventral  flowers  are,  generally  speaking, 
such  as  are  borne  laterally  on  the  inflorescence ;  whilst  the  ter- 
minal flowers  (which  may  be  regarded  as  peloric)  are  frequently 
regular.     Peloric  lateral  flowers  are,  however,  known  to  occur. 

There  remain  to  be  considered  those  flowers  which  cannot  be 
symmetrically  divided  in  any  plane  :  such  flowers  are  asymmetric. 
Amongst  these  are  to  be  included  most  of  the  acyclic  or  hemi- 
cyclic  flowers  in  which  the  number  of  members  is  high  and  the 
divergence  variable  (e.g,  Calycanthus,  some  Ranunculaceae,  etc.)  : 
the  asymmetry  of  most  of  these  is  approximately,  though  not 
quite  accurately,  actinomorphic,  but  in  some  it  is  dorsiventral  (e.g. 
Delphinium,  Aconitum).  Asymmetry  is  rare  in  cyclic  flowers, 
but  is  to  be  found  in  some  heterocyclic  flowers :  for  instance, 
in  Tropaeolum,  Canna  and  other  MarantacesB,  Valeriana  and 
other  ValerianacesB,  where  the  asymmetry  is  dorsiventral  and  is 
due  to  oligomery  and  irregularity  combined,  whilst  in  other  cases 
(e.g.  some  Paronychiese,  Fig.  328  C)  it  is  due  merely  to  oligomery. 

The  Floral  Organs. 

The  Perianth  is  completely  absent,  that  is,  the  flower  is  achlamy- 
deousj  in  a  few  families  (e.g.  Piperacoae,  AracesB,  Graminaceaa,  many 
Cyperaceee,  Salicaceee).  When  present,  it  is  usually  differentiated 
into  calyx  and  corolla,  the  flower  being  termed  dichlamydeous  or 
biseriate :  when  the  calyx  and  corolla  clearly  differ  from  each  other 
in  colour,  texture,  etc.,  the  flower  is  said  to  be  heter achlamy deous ; 
for  instance,  when  the  calyx  is  green  and  the  corolla  highly 
coloured  (as  in  most  Dicotyledons,  and  in  some  Monocotyledons 
such  as  Tradescantia  and  Commelyna)  ;  or  when  the  calyx  is 
coloured  (petaloid)  and  the  petals  reduced  to  nectaries  (as  in  Helle- 
borus  and  other  Ranunculaceas) .  When  the  perianth-leaves  are  all 
alike,  the  flower  is  said  to  be  homochlamiydeous.     This  condition 
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may  be  due  to  different  causes  in  different  cases :  the  flower  is 
sometimes  homochlamjdeons,  even  though  calyx  and  corolla  are 
differentiated,  because  the  sepals  and  petals  are  very  similar,  as 
in  most  Monocotyledons  where  the  sepals  are  often  petaloid :  in 
other  cases  the  flower  is  homochlamydeous,  because  only  one 
series  of  perianth-leaves  is  developed  ;  that  is,  because  the  flower 
is  monochlamydeous.  The  flower  may  be  monochlamydeons  be- 
cause, though  typically  dichlamydeous,  either  the  calyx  or  the 
corolla  is  suppressed  (e.g.  calyx  suppressed  in  some  Umbelliferce 
and  Compositee;  corolla  suppressed  in  most  ThymeloBacea?, 
Paronychieae,  Glaux,  some  Rosaceae,  such  as  Alchemilla  and 
Sanguisorba) ;  where  the  corolla  is  suppressed  or  rudimentary  the 
calyx  is  frequently  petaloid  {e,g.  Clematis,  Anemone,  Caltha,  and 


Pio.  328.~FIoraI  diafn^uns  illnstralizier  »8ymmetry.  A  Dorsiventrally  asjmmetrical 
heinicyclic  flower  of  Delphinium  AjaeiM :  B  Dorsiventrally  asymmetrical  heterocyclic  flower 
otTropaolum  majut :  C  Asymmetry  daetooligomery  in  AnyehiadichoUmia  (Paronyohie») :  br 
sobtending  bract ;  p-p,  a  p  propbylla;  §t  stipules  of  bract  and  prophylla.    (After  Eichler.) 


other  RanunculacesB)  :  or  the  flower  may  be  monochlamydeons 
merely  because  the  perianth  is  undifferentiated  (simple),  and  is 
then  generally  sepaloid  (e.g.  Urticacese,  Betulaceae,  Proteacese, 
ChenopodiacefiD,  etc.),  or  petaloid  {e.g.  some  Amarantacese,  Phyto- 
laccace89,  Nyctaginaceae). 

It  is  not  always  easy  to  determine  whether  a  homochlamydeous 
flower  is  dichlamydeous  or  monochlamydeons  ;  but  the  decision  is 
facilitated  by  the  consideration  that,  as  a  rule,  the  calyx  and 
corolla  each  consist  of  a  single  whorl  of  perianth-leaves  in  the 
Monocotyledons,  whereas  in  Dicotyledons  the  calyx  generally  con- 
sists of  two  whorls.  Hence,  in  the  absence  of  contrary  informa- 
tion afforded  by  its  development,  a  homochlamydeous  flower  having 
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two  perianth- whorls  should,  if  a  Monocotyledon,  be  regarded  as 
being  probably  dichlamydeous ;  whereas,  if  a  Dicotyledon,  it 
should  be  regarded  as  probably  monochlamydeous,  the  two  whorls 
representing  either  a  calyx  or  a  simple  perianth. 

The  individual  leaves  of  the  perianth  may  be  either  perfectly 
separate  (eleutheropetaUms  or  polypetalous  corolla,  eleutherosepalous 
or  polysepalous  calyx),  e.g.  Ranunculus  ;  or  they  may  cohere  from 
the  base  upwards,  so  as  to  form  a  longer  or  shorter  tube,  which 
divides  at  its  upper  end  into  as  many  teeth  or  lobes  as  there  were 
originally  leaves  (gamosepalous  calyx,  gamopetalotta  corolla)  (Fig. 
329  A  B  G  c  and  B  k)  ;  e.g.  the  Primrose  and  the  Tobacco  plant. 
In  Dianthus  (the  Pink)  the  sepals  alone  are  coherent,  as  also  in 

Daphne  (Fig.  329  Z>) 
where  the  corolla  is 
absent.  More  rarely 
all  the  leaves  of  the 
perianth  cohere  to 
form  one  tube,  e.g.  the 
Hyacinth  and  allied 
genera;  the  six  lobes 
of  the  tube  correspond 
to  the  three  sepals 
and  the  three  petals. 
The  simple  perianth 
also  may  consist  of 
separate  leaves  {eleu- 
D  therophyllous  or  poly- 

Fie.  329.— Cohesion  of  sepals  and  petals.    -4  Flower  of  ^   "^            ^                       u' 

Cont»olvttlu«arv«n»i«,  with  ^ftmnel-shaped  corolla  (c);  and  Amarantus,       Or      the 

a  6-partite  calyx  (k).    £  Ntcottana  Tabocum,  with  aS-cleft  leaves  may  be  Coher* 

calyx  (k)  I  tubular  corolla  (r),  with  a  distinct  6*toothed  L    77        \ 

limb  (»).    C  The  rotate  corolla  of  Sambucus.    D  Gamose-  ^^^  {gamopnyllOUS),  e.g, 

palous  caljx  of  I>aphn«  Metereum  ;  r  the  tube ;  •  the  limb.  Aristolochia. 

The  degree  of  division  presented  by  gamophyllous  perianths  into  teeth  or 
lobes  is  indicated  by  the  same  terms  which  are  used  in  describing  the  incision 
of  the  leaf-blade  (page  64).  The  form  of  the  gamopetalons  corolla  may  be 
campanulate^  as  in  the  Campanula  ;  funnel  thaped  (or  infundibuliform)^  as  in 
the  Bindweed  (Fig.  329  A) ;  rotate,  as  in  the  Elder  (Fig.  829  C7).  The  upper 
and  lower  portions  may  frequently  be  distinguished,  the  lower  as  the  tube  (Fig. 
329  B  r),  the  upper  expanded  part  as  the  limb  (Fig.  829  B  a).  Other  peculiar- 
ities of  form  are  connected  with  the  symmetry  of  the  flower  (page  611). 

The  petal  frequently  consists  of  two  parts,  the  claw  and  the 
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Umh,  as  in  the  Pink  (Fig.  330  A  B).  The  Corona  (paracorolla)  in 
the  Narcissns  and  Lychnis  is  formed  bj  ligalar  outgrowths  from 
the  claws  (Fig.  330  B  I),  Any  segmentation  of  the  petal,  as  in 
the  Pink  (Fig.  330  A)  is  unusual ;  emarginate  or  obcordate  petals 
are  more  common.  In  many  cases  the  petals  have  spur-shaped 
appendages  (Violet,  p.  511),  or  they  are  prolonged  at  the  base  into 
tubes,  as  in  Helleborus  and  Aconitum.  This  peculiarity  is  con- 
nected with  the  secretion  of  the  nectar  (page  526). 

The  Reproductive  Organs  of  the  Flower  are  sporangia  of  two 
kinds,  microsporangia  and  macrosporangia,  borne  usually  on 
sporophylls,  though  sometimes  directly  on  the  floral  axis.  The 
flower  is  usually  ambisporangiate  (  ^ »  hermaphrodite,  see  p.  432) ; 
but  it  is  not  infrequently  monosporangiate  (unisexual),  in  which 
case  the   flowers  are   either  microsporangiate  ( ^ ,  staminal)  or 


Fie.  390.—^  Petal  of  Dianthu»  superhuM,  with  (n)  the  claw  and  (p)  the  limb,  moch  divided. 
B  Petal  of  Lychnig :  n  daw ;  p  limb ;  I  ligula.  C  Flower  of  Potentilla,  seen  from  below : 
c  corolla ;  k  calyx;  a  epicalyx. 

macrosporangiate  (  ?  ,  carpellary).  The  plants  which  have  mono- 
sporangiate flowers  may  be  either  monoecious  (e.g.  Zostera,  Arum, 
Carex,  Typhacese,  Zea,  Betulaceae,  Euphorbia,  Buxus,  Juglans, 
Quercus,  etc.):  or  dioecious  (e.g.  Pandanaceee,  some  Palms,  Naias, 
Vallisneria,  Hippophae,  CannabinacesB,  Salicacese,  Mercurialis, 
Viscum,  Empetrum,  Feuillea,  etc.):  or  polygamoiM.  Of  polygamy 
there  are  several  varieties :  thus,  the  plant  may  bear  ambi- 
sporangiate flowers  and  staminatc  flowers  (e.g,  Veratrum,  Ptelea, 
JEsculus  Hippocastanum,  Celtis) ;  or  ambisporangiate  flowers  and 
carpellary  flowers  (e.^.  Thymus  vulgaris  and  T.  Serpyllum,  Parie- 
tana  diffusa  and  F.  officinalis)  :  or  it  bears  ambisporangiate  flowers 
and  both  staminate  and  carpellary  flowers  (e.g,  Fraxinus  excelsior^ 
Saponaria  ocymoides). 
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Some  flowers  are  probably  primarily  monosporangiate  (p.  505) ; 
that  is,  there  is  no  reason  to  believe  that  the  monosporangiate 
condition  is  due  to  the  suppression  of  either  micro-  or  macro- 
sporangia  {e.g.  Hemp,  Oak,  Walnut,  Poplar,  Willow).  Others  are 
secondarily  monosporangiate ;  that  is,  there  is  reason  to  believe, 
either  from  their  development  and  structure,  or  from  their  relation 
to  allied  ambisporangiate  forms,  that  they  are  typically  ambi- 
sporangiate,  but  have  become  monosporangiate  by  suppression : 
thus,  in  the  Cucurbitacese  some  genera  (e.^.  Cucurbita,  Cucumis, 
Bryonia,  etc.)  have  monosporangiate  flowers,  whilst  in  others  (e.^. 
Schizopepon)  the  flowers  are  always  ambisporangiate ;  similarly, 
in  the  Caryophyllaceae,  the  flowers  are  generally  ambisporangiate, 
but  in  the  species  Lychnis  vespertina  and  L,  diuma  they  are  mono- 
sporangiate ;  and  again  in  the  PolygonaceoD  cei*tain  species  of 
Ramex  (B.  Acetosa,  Acetosella,  etc.)  alone  are  monospoi'angiate : 
in  some  monosporangiate  flowere  traces  of  the  missing  organs  are 
to  be  found,  such  as  staminodia  in  carpellary  flowers  (e.g,  Cocculus 
and  other  Menispermaceae,  Feuillea  among  the  Cucurbitace® ; 
Laurus  nohilis),  or  rudimentary  pistils  in  staminate  flowers  {e.g. 
Bhamnus  catharticaj  Cocculus,  Lychnis  vespertina  and  diuma). 

It  sometimes  happens  that  typically  dioecious  plants  become 
exceptionally  monoecious  {e.g.  development  of  ?  flowers  on  <J 
plants  of  Myrica  Qale  and  Cannabis  sativa ;  or  of  (J  flowers  on  J 
plants  of  Cannabis  sativa  and  MercuHalis  annua)  :  or  that  a  typi- 
cally diclinous  monoecious  plant  bears  some  monoclinous  flowers 
{e.g.  Ricinus). 

The  Afidroecium  comprises  the  microsporophylls  (one  or  more) 
of  the  flower,  the  stamens.  Each  stamen  usually  consists  of  two 
parts ;  a  slender  stalk  called  the  filament  (Fig.  331  s),  and  a 
placental  portion  which  bears  the  pollen-sacs  (Fig.  331  Dp)^  known 
as  the  anther  (Fig.  331  a).  The  anther  consists  of  two  longi- 
tudinal halves,  termed  thecce,  each  of  which  usually  contains  two 
pollen- sacs ;  these  two  halves  are  united  by  the  placental  portion 
of  the  filament  which  is  known  as  the  connective  (Fig.  331  c). 
This  is  occasionally  very  narrow,  so  that  the  two  halves  of  the 
anther  lie  close  together  (Fig.  331  Ai  a)  :  in  this  case  it  may  be 
that  the  anther  is  not  sharply  marked  off  from  the  filament,  and 
is  attached  thronghont  its  whole  length  to  the  filament  {adnate, 
Fig.  332  C) :  when  the  anther  is  sharply  marked  off  from  the 
filament,  it  may  be  attached  to  the  filament  by  its  base,  when  it  is 
said  to  be  innate  or  basifixed  {e.g.  Tulip) ;  or  the  filament  is  in- 
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sorted  in  the  middle  of  its  dorsal  surface,  when  it  is  dorsifixed 
(Fig.  331  A) ;  in  the  last  case  it  may  be  articulated  as  bj  a  joint, 
so  that  the  anther  with  the  connective  can  oscillate  on  the  apex 
of  the  filament  (versatile  anther^  Fig.  331  (7),  as  in  G-rasses  and  some 
other  plants.  But  the  connective  is  often  broader,  so  that  the  two 
halves  of  the  anther  are  widely  separated  (Fig.  331 B) ;  it  may  be 
much  elongated  (distraciile)  and  very  delicate,  so  that,  with  the 
filament,  it  forms  a  T-shaped  body  (Fig.  331  C)  ;  in  this  plant, 
the  Sage,  the  further  peculiarity  is  exhibited  that  one-half  of  the 
anther  is  abortive  and  is  modified  for  another  purpose.     It  is  only 


Fig.  331.— SUunen:  Ai  Of  Liliam:  i  fila- 
ment; a  the  dorsiflxed  anther.  A^  Side 
vieir.  HOfTiliat  e  connective.  C  Ot 
Salvia,  with  dorsiflxed  yersatile  anther: 
h  in  the  half  of  the  anther  that  has  been 
modified.  D  Transverse  section  of  the 
anther  of  Hypericum  (mag.):  p  the  4 
pollen-sacs ;  o  connective. 


Fie.  332.— il  SUmen  of  Allium.  B 
Of  Vaeeinium  MyrtUliu.  C  Of  Parts 
quadrifoUa  (mag.):  /filament;  e 
connective;  a  anther;  b  appen- 
dages; p  the  pores  bj  which  the 
anther  opens. 


rarely,  as  in  Herb  Paris,  that  the  connective  is  prolonged  beyond 
the  anther  into  a  point,  or  into  a  bristle  as  in  the  Oleander. 

The  filament  is  usually  round  and  stalk-like,  of  a  delicate 
coloured  or  colourless  tissue,  with  a  central  vascular  bundle ;  it  is 
occasionally  flattened ;  when  it  is  very  short  or  absent  the  anthers 
are  sessile. 

In  some  plants,  e.g^  Allium  (Fig.  332  A)j  the  filament  has 
what  appear  to  be  stipular  appendages ;  in  others,  e.g.  Erica  (Fig. 
332  B)  and  Asclepiadacesa,  the  anther  is  furnished  with  appen- 
dages, such  as  spurs  and  so  forth ;  in  Viola,  the  spurs  borne  by 
the  two  anterior  stamens  are  glandular.     In  certain  plants  the 
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stamens,  that  is  to  saj  the  filaments,  branch ;  either,  like  most 
leaves  in  a  plane  perpendicular  to  the  median  plane,  as  in  Myr- 
taceae  and  Famariaceee,  or  in  various  planes,  as  in  Ricinns  (Fig. 
333)  and  HypericacesB ;  an  anther  is  borne  on  each  of  the  branches 
of  the  filament. 

Somewhat  similar  in  appearance,  bat  essentially  different  in 
structure,  are  the  coherent  stamens  of  the  Papilionete  and  other 
plants.  The  stamens  of  each  flower  may  be  coherent  into  one  or 
more  bundles.  The  arrangement  becomes  complicated  when  the 
filaments  are  at  the  same  time  coherent  and  branched  as  in  the 
Malvaceae.  When  the  filaments  are  all  coherent  into  a  single 
bundle  {e.g.  Malvaceee),  they  are  said  to  be  monadelphous :  when 
in  two  bundles  (e.g.  some  Papilione©,  Fumariaceae),  they  are 
diadelphous;  when  in  several  bundles  (e.g.  Hypericaceae),  they  are 
polyadelphous.  In  the  Compositas  (e.g.  Sunflower  and  Thistle), 
though  the  filaments  are  free,  the  anthers  become  coherent  or 
syngenesious.  When  the  stamens  are  quite  free  from  each  other 
they  are  said  to  be  polyandrous. 

A  variety  of  the  monadelphous  condition  is  found  in  the  ^  flowers  of 
certain  Araceaa,  where  the  stamens  are  united  into  a  central  column  termed  a 
tynandrium. 

Besides  these  varieties  of  cohesion,  adhesion  frequently  occurs  ; 
that  is  the  filaments  adhere  to  other  portions  of  the  flower,  par- 
ticularly of  the  perianth,  so  that  they — or  when  they  are  very 
short,  the  anthers — appear  to  be  inserted  not  upon  the  axis  of 
the  flower,  but  upon  the  leaves  of  the  perianth  (epipetalons  or 
epiphyllous) .  This  condition  is  most  frequently  present  when  the 
petals  themselves  are  connate  and  form  a  tubular  corolla,  e.g. 
Primula.  The  adhesion  of  the  stamens  to  the  carpels  is  of  rarer 
occurrence  {e.g.  Orchidaceae,  Stylidium,  and  Aristolochia) ;  the 
flower  is  then  termed  gynandrotis. 

In  many  flowers  it  happens  that  certain  filaments,  occupying  a 
definite  position  with  regard  to  the  other  parts  of  the  flower,  are 
longer  than  the  others ;  thus,  of  the  six  stamens  of  the  Cruciferae 
{e.g.  Wallflower  and  Cabbage),  four  are  much  longer  than  the  other 
two;  of  the  four  stamens  of  the  Labiata9  {e.g.  Lamium),  two  are 
longer  than  the  other  two.  In  the  former  case  the  stamens  are 
said  to  be  tetradynamous,  in  the  latter  didynamous. 

Stamens  which  bear  no  anthers  are  termed  staminodiai  they 
are  to  be  found  in  flowers  which  have  become  monosporangiate 
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by  sappression  (e.g,  carpellary  flowers  of  Laurus  nohilis),  as  well  as 
in  others  where  suppression  of  the  pollen-sacs  is  incomplete  {e,g, 
Canna,  Trollias,  some  Lauracese) ;  in  the  latter  case  the  stamin- 
odia  are  frequently  petaloid.  In  many  acyclic  flowers  (e.g, 
Nympheea),  the  stamens  and  the  petals  are  connected  by  inter- 
mediate stractures,  of  which  it  is  difficult  to  say  whether  they  are 
to  be  regarded  as  petaloid  stamens  or  as  staminoid  petals. 

The  Mlcrosporangia   or  Pollen-Sac^   are   borne   on   the   anther. 
There  are  commonly  four   of   them    (quadrilocular   anther),  two 
forming  a  sorus  in  each  longitudinal  half  (or  theca)  of  the  anther, 
situated  usually  side  by  side,  but  sometimes  (Lauraceee)  one  above 
the  other;  in  the  former  case  the  typical  arrangement  seems  to  be 
that  of  each  pair  of  pollen- sacs  one 
belongs  to  the  anterior  or  inner 
surface   of  the  anther,   the  other 
to  the  posterior  or  outer  surface. 

In  some  cases,  however,  there 
are  but  two  pollen-sacs  —  (bilo- 
cular  anther)  :  this  may  be  due  to 
the  non- development  of  one  longi- 
tudinal half  of  the  anther  {e.g. 
Cucurbit-acepB,  Salvia,  Canna)  ;  or 
to  branching  (e,g.  Adoxa,  Malva- 
cesa) ;  or  to  the  abortion  of  one 
pollen-sac,  generally  the  posterior 
one,  of  each  pair  (e.g,  Asclepia- 
dacesa,  Grubbia)  ;  op  (some  Laura- 
ce«)  of  the  upper  or  lower  one  of        ^'«-  ^--^^  <?'  »  ^T^'^'t.^Zu 

^         .                         11                i_  of  RictntM  communis  cut  through  length- 
each  pair;   or,  finally,  to   the  early  ways:  //the  bwal  portions  of  the 
fusion    of    the   archesporia    of    two  compoundly-branched   stamena ;  a  the 
J.           .11                    /              r\     ^  •  anthers.    (After  SaohP.) 

adjacent  pollen-sacs  (some  Orchi- 

daceffi).  In  the  Aracese  the  process  of  fusion  is  carried  to  such 
an  extent  that  all  four  archesporia  fuse,  so  that  the  anther  is  uni- 
locular. 

Rarely  (e.g,  Sarcophyte,  among  Balanophoracesa)  the  anther 
bears  numerous  pollen-sacs :  the  pollen-sac  is  sometimes  multi- 
locular  (see  p.  433). 

Each  pollen-sac  encloses  an  archesporium  from  which  the 
mother-cells  of  the  microspores  (pollen-grains)  are  developed  by 
division :  each  group  of  spore-mother-cells  is  invested  by  a  layer 
of  granular  cells,  the  tapetum  (Fig.  281  t),  which  eventually  be- 


Digitized  by 


Google 


520  PART    III. — THE    CLASSIFICATION   OF   PLANTS. 

comes  disorganised :  externally  to  this  is  the  wall  of  the  pollen- 
sac  consisting  of  one  or  more  layers  of  cells  with  nsnally  reticn- 
lately  thickened  walls,  followed  by  the  epidermis  at  the  surface. 

The  pollen-sacs  dehisce  nsnally  by  a  longitudinal  slit  which, 
when  the  anther  is  qaadrilocular,  is  generally  so  sitnated  that  it 
at  once  opens  into  both  the  pollen-sacs  of  each  half  of  the  anther, 
and  frequently  the  tissue  separating  each  pair  of  pollen-sacs 
becomes  dried  up  and  ruptured  whilst  the  anther  is  ripening : 
sometimes  the  dehiscence  of  the  pollen-sac  is  transverse  (Al- 
chemilla) ;  sometimes  it  ia  valTular  (Laurace®,  Berberidaceee) ;  or 
by  apical  pores  (EricacesB,  Polygalaccee).  Though  in  a  quadrilocular 
anther  the  pollen-sacs  typically  belong,  two  to  the  inner  (ventral), 
two  to  the  outer  (dorsal),  surface  of  the  anther,  it  frequently 
happens  that  in  the  course  of  thicir  development  they  become 
somewhat  displaced,  so  as  to  appear  all  to  belong  to  either  the  inner 
or  the  outer  surface ;  hence,  when  dehiscence  takes  place,  the 
pollen  is  shed,  in  the  former  case,  towards  the  centre  of  the  flower, 
when  the  anthers  are  said  to  be  introrse ;  and,  in  the  latter  case, 
towards  the  periphery  of  the  flower,  when  the  anthers  are  said  to 
be  extrorse.  These  terms  are  similarly  applicable  in  the  case  of 
bilocular  anthers.  Introrse  anthers  are  the  more  common ;  ex- 
trorse anthers  occur  in  the  Calycanthaceee,  Aristolochiaceie, 
Iridaceee,  JuncaginesB,  Arace»,  and  in  various  genera  of  other 
orders.  In  rare  cases  some  of  the  anthers  of  the  flower  are  introrse, 
and  others  extrorae,  as  in  some  speeies  of  Polygonum  (P.  Bistortaj 
tataricum,  avicula/re,  etc.),  when  the  anthers  of  the  outer  whorl  are 
introrse,  and  those  of  the  inner  whorl  extrorse ;  and  as  in  most 
Lauracese,  where  the  anthers  of  the  innermost  staminal  whorl  are 
extrorse,  whilst  those  of  the  outer  whorls  are  introrse. 

The  Microspores  or  Pollen- ^ains.  The  essential  features  in  the 
structure  and  development  of  the  microspores  have  been  already 
fully  described  (see  pp.  125  and  434). 

The  shapes  of  the  pollen-grain  are  very  various  (p.  436):  it 
may  be  spherical,  oval,  triangular,  etc.,  or  long  and  cylindrical 
(confervoid)  as  in  the- Kaiadacete.  In  Halophila  the  shortly  cylin- 
drical pollen-grains  adhere  so  as  to  form  filaments. 

On  germination  the  pollen-grain  gives  rise  to  one  or  more 
pollen-tubes,  which  consist  of  outgrowths  of  the  intine:  these 
penetrate  the  exine  (when  presentX  either  rupturing  it  irregularly, 
or  at  determinate  points  where  the  exine  is  thinner  and  less  re- 
sistent  (e.g.  Onagraceae,  Malvaceae),  or  where  there  are  lid-like 
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areas  which  are  easily  removed  {e,g,  CucurbitaceaB,  Fig.  282). 
These  points  are  definite  in  number  (1,  2,  3, 4,  or  more),  sometimes 
very  namerons  (Malvaceae). 

The  GyncBceum  or  Pistil  is  always  the  terminal  structure  of  the 
flower,  occupying  the  apex  of  the 
floral  axis.  It  consists  of  the 
TnacronporophylU  or  carpels,  which, 
in  the  Angiosperms  form  the 
whole  or  part  of  the  ovaries,  that 

is,  closed  cavities  containing  the  ^ 

ovules.  If  in  a  flower  where  ^ 
there  are  several  carpels,  each  of 
them  closes  by  the  cohesion  of 
its  margins,  they  form  so  many 
ovaries ;  the  gynaeceum  is  then 
said  to  be  apocarpous  (¥ig,  335-4), 
e.g.  Ranunculus,  PsBonia,  and 
Butomus  ;  if  there  is  only  one  carpel  (Fig.  335  B),  the  pistil  is 
said  to  be  apocarpous  and  simple  ;  if  several  carpels  in  one  flower 
cohere  and  form  a  single  ovary  (Fig.  335  0),  the  gynaeceum  is  said 
to  be  syncarpous,  e.g.  Poppy  and  Lily.  Intermediate  forms  occur 
in  that  the  carpels  may  cohere  by  their  lower  ends  whilst  their 
upper  ends  remain  free  (Fig.  335  D). 

The  ovary  is  said  to  be  monomerotis  when  it  is  formed  of  only 
one  carpel  (Fig.  336  A),  the  margins  of  which  cohere  on  the  side 


Fio.  334.— Germinating  pollen-Rrain  of 
Epilobium  (highly  mag.)  bearing  a  pollen- 
tnbe  8 ;  e  exine ;  i  intine ;  a  b  c  the  three 
spots  whore  the  exine  is  thicker  in  antici- 
pation of  the  formation  of  the  pollen-tube 
developed  in  this  case  at  a. 


Fio.  336.— i4  Apocarpous  gynseceum  of  Aconite.  B  Simple  apocarpous  gyn»ceum  of 
Meliiotus.  0  Tetramerous  syncarpous  gynncoam  of  Bhamnus  cathartica,  D  Ovary  of 
Saxifraga,  formed  of  two  carpels  which  diverge  towards  the  top:  t  torus;  /ovaries; 
g  style ;  n  stigma ;  b  ventral  suture. 

opposite  to  the  midrib.  The  outer  side  along  which  the  midrib 
runs  is  the  dorsal  surface  (Fig.  336  A  r),  and  the  midrib  itself  is 
the  dorsal  suture ;  opposite  to  it  is  the  line  of  cohesion,  the  ventral 
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suturcj  which  rans  therefore  along  the  ventral  surface.  The  cavity 
thus  enclosed  (loculus)  is  not  usually  divided  hy  dissepiments,  but 
it  is  a  simple  cavity,  as  in  the  Vetch  ;  such  an  ovary  is  said  to  be 
unilocular.  False  or  spurious  dissepiments,  formed  by  growths 
on  the  inner  surface,  occur  in  some  few  instances,  as  in  Astragalus. 
When,  on  the  other  hand,  several  carpels  cohere  to  form  a  syn- 
carpous  ovary,  it  is  'polymerous  {di-  tri-  or  tetra-merous,  etc).  The 
syncarpous  ovary  is  unilocular  (Fig.  836  B)  when  the  individual 
carpels  cohere  simply  by  their  edges  without  any  portion  of  them 
projecting  inwards ;  but  if  the  margins  project  into  the  cavity  so 
as  to  form  incomplete  longitudinal  dissepiments,  the  ovary  is  chant" 
hered  (Fig.  336  0),  e.g.  Poppy;  but  since  the  chambers  are  open  to- 
wards the  centre,  the  ovary  is  still  unilocular.  When  the  margins 
form  dissepiments  which  meet  in  the  middle,  the  ovary  is  multilo' 
cular ;  sometimes  the  margins  turn  outwards  again  towards  the  cir- 
cumference. 
In  the  last 
A  J^  ^  ^SL        j^^         c*se  the  iu- 

^J^         ^\j^^h     Avir%         a  -  SlS&^     «        dividual 

loculi  are 


>T  H         ^roru^      \^.3i^^L^    ¥P^  MPscip  ^^MT        completely 

separated  ; 
but   there 

Fie.  336.— Transverse  section  of  ovaries;  pplaoenta.    i4  Monomerous  .i 

and  unilocalar;  r  dorsal  satare ;  b  veniral  sutare ;  p  piaoentation  mar-  *^       Otners 

ginal.    fi  Polymeroas  and  unilocular ;  placentation  parietal.    C  Poly-  ill      which 

merous  and  many-chambered,  but  unilocular;  piaoentation  parietal.  ii      «ij.«Q;no 

D  Polymerous  and  multilocular ;  piaoentation  axile.  ^^ 

of  the  car- 
pels do  not  extend  so  far  towards  the  centre  at  the  upper  part  as 
at  the  lower,  but  the  two  margins  of  each  carpel  simply  cohere 
together  above ;  consequently  the  lower  part  of  the  ovary  is  poly- 
merous and  multilocular,  while  the  upper  part  is  composed  of  a 
number  of  monomerons  ovaries,  e.g.  Saxifraga  (Fig.  335  B).  In 
all  these  cases  the  floral  axis  may  grow  up  into  the  interior  of  the 
cavity  of  the  ovary,  and  when  the  ovary  is  multilocular  the  axis 
may  coalesce  with  the  dissepiments. 

False  dissepiments  may  be  formed  in  polymerous  ovaries  by  in- 
giHJwths  from  the  internal  surface  of  the  carpels  ;  thus  the  ovary 
of  the  BoraginacesB  and  Labiatae  is  originally  bilocular,  but  each 
loculus  becomes  divided  into  two  by  a  false  dissepiment,  and  when 
the  fruit  is  ripe  the  four  loculi  separate  completely ;  similarly,  the 
unilocular  ovary  of  the  Cruciferae  becomes  spuriously  bilocular. 
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The  inferior  ovary  of  epigynous  flowers  (see  p.  495)  is  rarely 
monomeroas,  that  is  to  say,  the  cavity  formed  by  the  axis  is  bnt 
seldom  closed  by  one  carpel  only  :  it  is  commonly  polymerons,  but 
it  may  be  either  nnilocnlar  or  multilocnlar ;  in  the  latter  case,  the 
margins  of  the  carpels  grow  down  along  the  internal  surface  of  the 
cavity. 

In  some  bases  the  axis  is  prolonged  between  the  carpels,  con. 
stitnting  a  carpophore,  as  in  the  Geraniaceas  and  lJmbellifer» 
(Fig.  341). 

The  Style  (Figs.  335  and  337)  is  the  prolongation  of  the  npper 
part  of  the  carpel :  it  is  commonly  a  slender  cylinder,  bat  some- 
times it  is  leafy  and  petaloid  (e.g.  Iris).  Monomerons  ovaries 
have  but  one  style ;  polymerous  ovaries  have  as  many  styles  as 
there  are  carpels,  which  may  cohere  throughout 
their  whole  length,  or  at  their  lower  parts  only, 
the  upper  parts  remaining  distinct ;  or  they  may  ^^ 

remain  quite  free,  and  they  may  even  branch. 
The  style  originally  arises  from  the  apex  of  the 
ovary,  bnt  it  is  frequently  displaced  forwards,  by 
the  vigorous  development  of  the  dorsal  portion  of 
the  carpel,  on  to  the  inner  side,  so  as  to  appear 
to  be  a  prolongation  of  the  floral  axis  (gynobasic 
style)  :  this  is  conspicnons  in  the  Boraginaceee 
and  Labiatae,  where  it  is  surrounded  by  the  four 
rounded  loculi  of  the  ovary  which  have  been 
already  mentioned  (p.  522).  The  style  is  some- 
times very  short,  and  appears  only  as  a  constric- 
tion between  the  ovary  and  the  stigma,  as  in  the 
Poppy.  In  some  rare  cases  it  is  hollow,  but  it  is 
usually  filled  with  a  loose  tissue,  called  condtmting 
tissue,  through  which  the  pollen-tube  can  easily 
penetrate. 

The  Stigma  (Figs.  335  and  337  n)  is  usually  terminal,  but  it  may 
be  lateral  (e.g.  Iris) ;  it  is  distinguished  by  being  covered  with 
papillae,  or  frequently  with  hairs,  and  by  the  secretion  of  a  sugary 
fluid  which  retains  the  pollen-grains  which  fall  upon  it,  and 
which  promotes  the  development  of  the  pollen-tubes.  The  stigma 
is  often  evidently  distinct  from  the  style,  appearing  as  a  lobed 
expansion ;  in  other  cases  it  seems  to  be  merely  a  portion  of  the 
style  at  its  end  or  sometimes  on  its  side.  In  Papaver  it  is  a 
sessile  disk-shaped  expansion  on  the  upper  surface  of  the  ovary ; 


Fio.  337.— Gy- 
tiKceam  of  the 
Lily :  /  ovary ;  g 
Btyle ;  n  stigma 
(nat.  size). 


Digitized  by 


Google 


624  PART   III. — THE   CLASSIFICATION   OF   PLANTS. 

more  rarely  it  is  represented  by  bands  of  papillffi  on  the  ovary 
itself,  when  it  is  said  to  be  pleurogynous. 

The  number  of  the  stigmata  often  affords  a  means  of  ascertain- 
ing whether  the  ovary  is  monomerous  or  polymerous :  for  instance, 
the  ovary  of  the  Compositas  seems,  at^  first  sight,  to  be  mono- 
merous; but  the  two  short  branches  of  the  style,  each  bearing 
a  stigma,  show  that  it  is  dimerous.  On  the  other  hand,  this 
character  may  be  misleading :  for  instance,  in  various  Grasses  the 
ovary  bears  two  or  three  stigmata,  either  directly,  or  springing 
from  the  style ;  hence  it  might  be  inferred  that  the  ovary  is  di- 
or  tri-merous,  whilst  as  a  matter  of  fact  it  is  monomeix>us.  In 
this  respect  some  few  other  plants,  belonging  to  the  NaiadaceoB 
and  other  families,  resemble  the  Grasses. 

The  Macrosporangia  or  Ovules  are  always  enclosed  in  the  cavity 
of  the  ovary,  either  singly  or  in  larger  or  smaller  number. 
Usually  they  may  be  readily  seen  to  be  developed  on  the  carpels 
(Fig.  338  A,  B,  C),  but  in  many  cases  they  appear  to  be  de- 
veloped from  the  floral  axis  (Fig.  338  D,  F,  G).  However,  from 
careful  comparative  examination,  it  seems  that  the  apparently 
axial  ovules  may  be  regarded  in  some  cases  as  having  been  de- 
veloped on  the  carpels,  their  position  on  the  axis  being  merely  the 
result  of  a  more  or  less  considerable  subsequent  displacement  due 
to  the  coalescence  of  the  carpels  with  the  axis.  That  portion  of 
the  ovary  which  bears  the  ovules  is  called  the  placenta. 

The  ovules,  when  borne  by  the  carpels,  are  but  rarely  developed 
over  the  whole  surface  of  the  carpel,  but  are  confined  to  the  margin : 
in  other  words  the  placentatlon  is  rarely  superficial  but  generally 
marginal.  Superficial  placentation  (Fig.  338  6')  is  to  be  found  in 
Butomus,  Nymphsea,  and  Nuphar,  the  dorsal  suture  (midrib)  of 
the  carpel  being  the  only  sterile  portion  of  its  internal  surface. 
Of  marginal  placentation  there  are  two  varieties :  in  the  one  the 
ovary  is  syncarpous  but  unilocular,  and  the  contiguous  placental 
margins  of  the  carpels  constitute  so  many  placentaa  on  the  wall  of 
the  ovary,  that  is,  the  placentation  is  parietal  (Fig.  336  B,  0),  as  in 
the  ViolacesB,  Cruciferse,  Papaveracece,  BibesiesB,  Orchidaceae, 
etc. ;  in  the  other  the  ovary  is  syncarpous  and  multilocular,  the 
margins  of  the  carpels  meeting  in  the  centre  and  there  bearing  the 
ovules,  so  that  each  placenta  is  at  the  inner  angle  of  each  loculus, 
that  is,  the  placentation  is  a^le  or  axillary  (Fig.  336  D,  and  Fig. 
338  B):  in  a  monomerous  ovary  (Fig.  336  A,  and  Fig.  338  A)  the 
placentation  is  essentially  parietal,  but  it  is  simply  termed  marginal. 
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The  position  of  attachment  is  a  point  of  descriptive  importance, 
more  especially  where  the  number  of  ovules  is  small,  or  where  there 
is  bat  one,  in  the  locnlns.  When  the  ovule  Is  attached  to  the  top  of 
the  carpel,  so  that  it  hangs  into  the  loculns,  it  is  said  to  he  pendulous ; 
when  it  is  attached  high  up,  bat  at  the  side,  it  is  suspended;  when 
it  is  attached  to  the  side  and  projects  straight,  it  is  horizontal ; 
when  it  is  attached  at  the  side,  bat  towards  the  base  of  the  carpel, 
and  stands  np  into  the  localas,  it  is  ascending. 


rv-^ 


Fie.  338.— Diagrams  of  ibe  different  modes  of  Placentation.  A  Monomeroas  ovary  of 
Hellebonis,  opened  along  the  ventral  satnre ;  »  the  ovules  on  (9)  the  marginal  placenta. 
B  Transverse  section  of  the  ovary  of  Nicotians :  /  wall  of  the  ovary ;  q  placenta,  largely 
developed  by  the  union  of  the  margins  of  the  carpels  (axile  placentation).  C  Transverse 
section  of  the  ovary  of  Butomus.  The  ovules  are  scattered  over  the  whole  of  the  inner 
surface,  except  the  midrib,  m  (superficial  placentation).  D  Longitudinal  section  of  an 
ovary  of  one  of  the  Compositfe :  /  the  wall ;  the  erect,  anatropous  ovule  (s)  grows  from  the 
base  by  the  side  of  the  apex  of  the  axis,  a.  B  Longitudinal  section  of  the  ovary  of  one  of 
the  UmbellifersD ;  in  each  chamber  an  anatropous  ovule  is  suspended.  F  Longitudinal 
section  of  Rheum ;  a  single  erect  orthotropous  ovule  grows  at  the  apex  of  the  floral  axis. 
Q  Longitudinal  section  of  the  ovary  of  one  of  the  Primulaoe»;  the  ovules  grow  on  a 
prolongation  of  the  axis  (free  central  placentation).  Fig.  336  B  represents  parietal 
placentation. 

When  the  ovules  are  borne,  either  actually  or  apparently,  by  the 
axis,  the  placentation  is  said  to  be  a^iaL  When  many  ovules  are 
borne  on  the  axial  placenta  (as  in  the  Primulaceee,  Santalacesa,  etc.. 
Fig.  338  G)y  the  placentation  is  termed  freecentraL  When  there 
is  but  a  single  ovule  in  the  loculns,  the  placentation  is  basihar  or 
basal,  and  the  ovule  is  erect :  in  this  case  the  ovule  is  borne  either 
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terminally  at  the  apex  of  the  floral  axis  (e,g,  Polygonam,  Piper, 
Naias,  Fig.  338  F);  or  laterally,  below  or  behind  the  actual  apex 
(e.g,  CompositaB,  Fig.  338  D). 

For  other  descriptive  terms  relating  to  the  ovule,  refer  back  to 
p.  437. 

The  macros porangium  or  ovule,  consists  primitively  of  a  mass  of 
cellular  tissue,  the  nucellus,  invested  by  one  or  two  integuments, 
with  a  micropyle  at  the  apex  (see  p.  436) :  generally  speaking,  two 
integuments  are  present  in  the  Monocotyledons,  in  most  polypetal- 
ODS  Dicotyledons  (with  exceptions  such  as  some  Umbelliferffi  and 
RanuncalaceSB),  and  in  the  CucurbitacesB  among  Gramopetalse ; 
whereas  there  is  only  one  integument  in  the  GamopetaloB  (except 
CucurbitaceaD)  and  in  the  polypetalous  orders,  UmbellifersB  and 
Ranunculaceaa.  In  some  few  cases  (e.g,  Santalacese,  Loranthacess, 
Balanophoraceffi),  where  the  development  of  the  ovule  is  degraded 
in  correlation  with  the  parasitic  habit  of  the  plants,  the  ovule  has 
no  integument. 

The  Macrospore  or  Emhryo-sac,  The  structure  and  development 
of  the  macrospore  are  described  on  p.  438. 

Accessory  Organs  of  the  Flower,  The  most  common  of  these  is 
the  Nectary^  a  glandular  organ  secreting  odorous  or  sweet  liquid, 
and  thus  attracting  insects.  The  nectary  is  sometimes  borne  on 
some  other  organ — which  is  not  thereby  materially  modified  {e.g, 
petals  of  Ranunculus,  stamen  of  Viola) ;  or  on  a  specially  modified 
perianth-leaf  {e.g,  petals  of  some  Ranunculaceae,  as  Helleborus, 
Eranthis,  Delphinium),  or  on  staminodia  (e.g.  the  posterior  of  the 
five  stamens  in  Gresneraceee  ;  a  whorl  in  Pamassia ;  one  or  more 
whorls  in  various  Lauraceee) :  in  some  cases  it  is  borne  on  the 
carpels,  in  the  septa  of  a  maltilocular  ovary  (septal  glands  of  many 
Monocotyledons,  LiliaceflB,  AmaryllidacesB,  and  Iridaceee).  Gpnerally 
the  nectary  is  borne  on  the  floral  axis,  when  it  is  described  by  the 
general  term  disc  :  it  may  be  a  single  tubular  outgrowth  (Crista- 
tella)  or  a  flattened  scale  (other  Capparidacesp,  some  Resedaceas) ;  a 
single  posterior  scale  ;  or  several  in  a  whorl,  as  scales  or  rounded 
prominences  {e.g.  Apocynaceee ;  two  in  whorl  in  Vinca,  Dipladenia ; 
five  in  Forsteronia  ;  many  in  Nerium  :  CrucifersB,  generally  four:  in 
Vitis  five) ;  or  as  a  ring  of  tissue,  round  the  base  of  the  ovary 
(e.g.  RutaceeB,  Anacardiacesp,  Rhamnaceaa,  CelastraceaB) ;  or  on  the 
upper  surface  of  the  inferior  ovary  (e.g.  UmbellifersB). 

The  position  of  the  axial  nectaries  or  discs  is  various :  in  some 
flowers  it  is  extra-staminal,  and  then  it  is  situated  either  between 
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the  androecium  and  the  corolla  {e.g.  Cap  pari  daceeB,  Sapindaceee, 
ResedaceaB),  or,  less  commonly,  between  the  corolla  and  the  caljx 
(e.g.  some  Apocynaceee,  such  as  Nerium):  in  others  it  is  intra- 
staminalj  that  is,  between  the  androecium  and  the  gjnaecenm  (as 
in  Rutacese,  Rhamnaceae,  Celastraceue,  etc.).  Again,  the  disc  is 
generally  hjpogynous,  but  sometimes  epigynous  (Umbelliferee). 

Generally  speaking,  when  the  nectaries,  of  whatever  kind,  are 
towards  the  outside  of  the  flower,  the  anthers  are  extrorse  (e  g. 
RannncnlaceaB);  and  when  towards  the  centre  of  the  flower,  the 
anthers  are  introrae. 

The  most  striking  accessory  structures  are  those  of  the  Passion- 
flower :  these  are  coloui-ed  filaments,  borne  in  successive  whorls 
(as  many  as  five),  between  the  corolla  and  the  androecium :  they 
are  not  glandular,  neither 
can  they  be   regarde«l  as 
staminodia  or  as  modified 
petals. 

The  General  Histohciy 
of  the  sporophyte  is  suf- 
ficiently treated  of  in  Part 
II.,  and  in  the  general 
account  of  the  Phanero- 
gams (p.  440). 

The  Frmbryogeny  of  the 
sporophyte  is   considered        «      oo«    t^  #  »     ^    .      *. 

^        ^    ^  Pio.  389.— Diagram  of  an   ovulo   Bhortly  after 

on  p.  440.  fertilisation ;  a  onter,  and  i  inner  IntegamentB  ;  / 

The  Qnmetophvte  is  con-  '""^^^^'^  '•  ^  '^"^e^'^a-     «  Embryo-sac  in  which  E  is 

^^  the  embryo  developed  from  the  fertilised  oospbero. 

Sldered  on  p.  447.  The  sac  also  contains  the  endosperm-cells  which  tire 

Fertilisation,       After  being  foi-med by  free  cell-formatlon.   P  The  poUen- 

-  .  , ,  , .  . ,  tube,  passing  through  the  micropyle,  n. 

reachmg  the  stigma  the 

pollen-grains  protrude  the  pollen-tubes  which  penetrate  through 
the  tissue  of  the  style  into  the  cavity  of  the  ovary,  and  through 
the  micropyle  of  each  ovule  to  its  nucellus  (Fig.  339  P  n).  The 
time  required  by  the  pollen-tube  for  this  process  depends  partly  on 
the  distance  of  the  pollen-grain  from  the  ovule  and  partly  on  the 
specific  peculiarities  of  the  plant;  thus  the  pollen-tube  of  the 
Crocus  takes  only  from  one  to  three  days  to  traverse  the  style, 
which  is  from  five  to  ten  centimetres  in  length  ;  but  in  the  Orchids, 
where  the  length  of  the  st\  le  varies  from  two  to  three  millimetres, 
several  days,  weeks,  or  even  months  are  needed,  and  it  is  during 
this  process  that  the  ovules  are  formed  in  the  ovary. 

V.  s.  B.  MM 
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In  Casaor'ua  tbe  pollen-tnbe  does  not  enter  the  ovary  by  the  style,  bnt  makes 
its  way  through  the  tissue  of  the  wall  of  the  cviry  into  the  placenta,  whence  it 
penetrates  into  the  ovule  by  the  chalaza :  the  pollen-tnbe  now  grows  towards 
tbe  micropylar  end  of  the  ovule  through  one  of  the  elongated  sterile  macro- 
spores  (see  p.  438),  and  comes  into  close  relation  with  the  fertile  maerospore, 
without)  however,  entering  it ;  the  male  cell  is  apparently  extruded  from  tbe 
pollen-tnbe  into  the  macrospore,  and  enters  the  oosphere  from  b^ow.  The  ter- 
minal portion  of  the  pollen-tube  becomes,  in  this  case,  completely  abstricted  off 
from  the  rest :  and  generally,  when  the  pollen-tube  is  very  long,  the  terminal 
portion  becomes  shut  off  from  the  rest  by  a  plug  of  cellulose.  Some  other 
Amentales  (Corylus,  Carpinus,  Alnus,  Betnla)  also  are  chalazogamie. 

The  Results  of  Fertilisation,     The  Seed  is  described  on  p.  4f58. 

The  Fruit.  In  view  of  the  variety  in  the  structure  and  morph- 
ology of  the  fruit  of  Angiosperms,  a  somewhat  detailed  account  of 
it  is  necessary. 

The  word  fruit,  in  its  strictest  sense,  means  the  whole  product 
of  the  development  of  the  gynasceum  as  a  result  of  fertilisation.  If 
other  parts  of  the  flower  take  part  in  the  formation  of  the  organ 
which  is  formed  in  consequence  of  fertilisation,  and  which  contains 
the  seed  (of  what,  in  short,  is  commonly  called  the  fruit),  it  is 
termed  a  spurious  fruit  or  pseudocarp.  The  apple,  for  instance,  is 
such  a  spurious  fruit,  for  the  outer  fleshy  part  belongs  to  that 
part  of  the  axis  of  the  perigynous  flower  which  surrounds  the 
ovaries  and  which  still  bears  the  sepals  (Fig.  2  A),  What  are 
called  the  pips  of  the  apple  are  the  seeds.  This  kind  of  spurious 
fruit  is  termed  a  pome.  The  strawbeny  also  is  a  spurious  fruit: 
in  it  the  receptacle,  which  belongs  of  course  to  the  axis,  de- 
velopes  largely  and  becomes  fleshy  and  bears  the  true  fruits 
(achenes)  in  the  form  of  small  hard  grains.  The  fig  is  another 
example  of  a  spurious  fruit;  it  is  in  fact  a  fleshy  receptacle 
{i.e.  an  axis)  which  bears  a  multitude  of  distinct  flowers  situated 
inside  the  cavity  of  the  receptacle,  and  the  individual  fruits 
appear  as  hard  grains ;  such  a  fruit  is  termed  a  sycufiu^.  Again, 
when  the  ovaries  and  floral  envelopes  of  closely  crowded  flowers, 
as  in  the  Mulberry  and  the  Pine-apple,  become  succulent,  a  kind 
of  spurious  fruit  is  formed  which  is  termed  a  sorosis. 

In  other  cases,  a  husk,  called  the  cupule  is  formed,  which  contri- 
butes to  the  formation  of  a  spurious  fruit :  this  is  formed  by  the 
bracteoles  and  is  not  developed  until  after  fertilisation  ;  it  may 
surround  either  a  solitary  distinct  fruit,  like  the  acorn-cup,  or 
several  distinct  fruits,  like  the  foar-valved  spiky  husk  of  the 
Beech-tree  or  the  prickly  husk  of  the  edible  Chestnut. 
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Fio.MO.— Frnitof  lUicium 
anitatum :  «t  pefluncle ;  /  / 
the  separate  fruits,  each 
with  a  seed  (s)  fnrtning  an 
apocarpous  fractiflcatioa. 


When  the  frait  consists  of  one  or  more  monoraerous  ovaries,  it 
is  said  to  be  apocarpous  :  examples  of  this  occur  in  Rannnculns,  in 
the  Raspberry,  where  the  individual  ovaries  are  succulent,  and  in 
the  Star- Anise  (Fig.  840).     The  individual 
fruits  may  be  developed  in  veiy  different 
ways ;  they  may  be  dehiscent  or  indehis-  ► 

cent,  dry  or  succulent. 

When  the  fruit  consists  of  a  single  poly- 
merous  ovary,  it  is  said  to  be  syncarpous. 
When  the  carpels  of  such  a  fruit  separate 
septicidally  during  the  process  of  ripening, 
so  that  it  ultimately  appears  as  if  a  number 
of  distinct  fruits  were  present,  it  is  termed 
a  schizocnrp:    it  may  thus  split  into  only 
two  distinct  fruits,  as  in  the  Umbel  liferse  (Fig.  341);  or,  as  in  the 
GeraniacesB  and  many  Malvaceae,  into  several  distinct  fruits  :  each 
of  them  is    termed  a  coccus  or   mericarp;    the  individual  coccus 
is  generally  indehiscent  (dehiscent  in  most  Euphorbiaceoe). 

In  various  multilocular  ovaries  only  one  loculus  becomes  fully 
developed  and  beare  seeds,  as  in  Valerian, 
the  Coco-Nut,  and  the  Oak;  the  others 
are  abortive.  It  sometimes  happens  in 
cultivated  plants  that  the  fruit  becomes 
perfectly  formed  without  any  development 
of  seed,  as  in  a  particular  seedless  variety 
of  Grape,  the  Banana,  the  Pine-Apple, 
etc. 

In  all  true  fruits  the  wall  of  the  ovary 
forms  the  pericarp  or  rind.  In  some  more 
or  less  succulent  fruits,  the  pericarp  con- 
sists of  three  distinct  layers ;  the  external 
layer  is  the  epicarp^  the  middle  the  meso' 
carp,  and  the  innermost  the  endocarp. 


The  following  varieties  of  true  fruits  have  been 
distinguish ed  by  the  character  of  the  pericarp, 
whether  it  is  dry  or  succulent,  hard  or  soft,  —  and  by 
the  dehiscence  or  indehlscence  of  the  pericarp. 

A.  Dry  Fruits.  The  pericarp  is  woody  or  cori- 
aceous; when  ripe,  the  sap  has  usually  dioappearei 
from  all  the  cells. 

I.  Dry  Indehiscent  FruitM.     The  pericarp  does  not 


Pi«.  »ll. —Carum  Corui, 
one  of  the  Umbelliferee.  A 
Ovary  of  the  flower  (/). 
B  Hipe  scbizocarp  which 
has  divided  into  two  cocci 
or  mericarpa  (m),  a  portion 
of  the  median  wall  (a)  forms 
the  carpophore. 
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rapture,  but  enoloses  the  seed  uaiil  germination ;  the  testa  is  asnally  thio,  and 
frequently  coalescent  with  the  pericarp. 
(1)  One-seeded  fruits : 

(a)  The  nut  {glam)y  e.g.  Acorn,  Hazel-Nut  (but  not  the  Walnut) ;  the 
dry  pericarp  is  hard  and  sclerenchymatous :  it  is  inferior  and  sjn- 
carpous. 
(b)  The  ackene  is  superior  and  monomerous :  the  pericarp  is  thin  and 
coriaceous;  e.g.  the  Rose  and  the  Buttercup.  The  similar  fruit 
of  the  GompositfB  is  a  cypsela  ;  it  is  inferior  and  dimerous. 

The  fruit  of  Grasses,  termed  a  curyoptU,  is  very  similar  to  the 
achene ;  it  differs  from  it  in  that  the  testa  and  the  pericarp  closely 
adhere,  whereas  in  the  achene  they  are  not  adherent. 


£ 


Fie.  312.— Dry  dehiscent  fruits.  A  The  pod  Oegame)  of  the  Pea;  r  the  dorsal  satnre ;  h 
tUe  yentral ;  c  calyx;  «  seedfl.  B  Beptioidal  capsule  of  CoIcM'oum  auiumnaU :  ///  the  three 
separating  carpels.  C  Siliqua  of  Brassica;  k  the  vaWes;  w  the  dissepiment  and  placentae 
(repliun);  «  seeds ;  g  style ;  n  stiKma,  1)  Capsale,  opening  by  pores,  of  Pa-paver  »omiii/erum, 
the  Poppy ;  n  stigma ;  j  the  pores  which  open  by  the  removal  of  the  calves  (a).  E  Pyxirtium 
of  Hyoscyamus ;  d  the  lid ;  io  the  dissepiment;  «  seeds. 

(2)  Many-seeded  fruits :  these  (sehizocarps)  commonly  split  into  one-seeJed 
fruits,  which  usually  enclose  the  solitary  seeds  until  germination :  e.g.  the 
Umbelliferffi  (Fig.  341)  and  Maple,  with  two  mericarps ;  the  Geraniacew,  with 
five  mericarps ;  and  most  Malvaceae,  where  the  fruit  is  termed  a  carcerulet  aud 
splits  into  many  mericarps  (see  p.  682). 
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The  pericarp  of  dry  in  lehiscent  fraits  is  sometimes  developed  iuto  a  mem- 
branoas  wing  {e.g.  Ash, Elm,  Birch);  to  such  a  fruit  the  ierm §amara  is  applied: 
the  fruit  of  the  Maple  is  a  doable  samara. 

II.  Dry  Dehueent  Frmtt.  The  pericarp  ruptures  and  allows  the  seeds,  which 
usually  have  a  firm  and  thick  testa,  to  escape :— they  are  commonly  mai^y- 
seeded. 

(1)  DehUcence  longitttdinal. 

(a)  The  follicle,  consisting  of  a  single  carpel  which  dehisces  along  the 
ventral  suture,  where  also  the  seeds  are  borne.  €.g.  Paeonia  and 
Ulicium  (Fig.  340) ;  but  sometimes  {e.g.  Magnolia)  along  the  dorsal 
suture :  it  is  superior. 
{b)  The  legume  or  pod  likewise  consists  of  but  one  carpel  which  dehisces 
along  both  the  dorsal  and  ventral  sutures  (Fig.  342  A,  trans- 
verse section  Fig.  336  A) :  e,g,  the  Vetch,  Pea,  Bean,  and  many 
other  Leguminosffi ;  in  some  cases  (Astragalus)  a  simrious  dissepi- 
ment occurs :  it  is  superior. 

The  lomentum  is  a  modification  of  the  legume ;  it  is  constricted 
between  the  seeds,  and  it  is  either  indehiscent  or  it  breaks  across, 
when  ripe,  at  the  constricted  parts.  It  occurs  in  the  Hedysareie. 
{c)  The  tiliqua  consists  of  two  coherent  carpels.  The  two  carpels 
when  ripe  separate  from  the  base  upwards  into  two  valves,  leaving 
their  margins  (with  the  parietal  placeute  and  the  spurious  dis- 
sepiment) attached,  as  a  frame  or  replnm^  to  the  apex  of  the 
pedicel ;  e.g.  Rape,  Mustard,  and  most  of  the  Cruciferse  (Fig.  842 
C) :  it  is  superior. 

When  the  siliqua  is  short  and  broad,  it  is  termed  a  siliculat  as 
in  Thlaspi  and  Cipsella.  In  some  cases,  as  in  the  Badish,  thd 
siliqua  in  jointed  and  iu dehiscent,  breaking  transversely  into  one- 
seeded  portions.  It  resembles  the  lomentum,  and  is  therefore 
said  to  be  lometUaceous, 
{d)  The  capsule  is  derived  from  a  polymerous  synearpons  ovary  which 
may  be  uni-  or  muUilocnlar ;  it  splits  into  two  or  more  valves, 
either  for  a  short  distance  only  from  the  apex  downwards,  or  down 
to  tlie  very  biise  (Fi^.  842  B).  If  the  carpels  become  separated 
from  each  other,  and  iu  the  case  of  muUilocnlar  ovaries  this  in- 
volves the  splitting  of  the  dissepiments  (Fig.  343  A),  the  dehiscence 
is  said  to  be  n^pticidal ;  if,  on  the  other  hand,  each  carpel  splits 
along  its  dorsal  suture,  the  dehiscence  is  said  to  be  locnHcid'il 
(Fig.  343  B).  In  either  form  of  dehiscence  in  a  muUilocnlar  ovary 
the  placentie  may  either  adhere  to  the  valves  (Fig.  843  B),  or  re- 
main united  into  a  central  column  which  is  free  from  the  valves ; 
in  the  latter  case  the  dehiscence  is  further  described  as  being 
$ep1i/ragal  (Fig.  843  C). 

The  capsule  is  usually  superior,  but  sometimes,  as  in  IridacesB 

and  Gampannlacee,  it  is  inferior ;  a  special  term,  diploteyiumt  is 

applied  to  the  inferior  capsule  by  some  authors. 

(2)  The  form  of  capsule  known  as  a  pyxidiam  has  a  transverse  dehiscence, 

e.g.  in  Plantago,  Anagallis,  Hyosoyamns  (Fig.  842  B) ;  the  upper  part  falls  off 

like  a  lid. 
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(3)  The  porous  capt^uU,  eg-  the  Poppy  (Fig.  842  />),  sbeds  its  seeds  throngh 
small  holes  arising  from  the  removal  of  small  portioDs  of  the  wall  in  certain 
spots. 
B.     Succulent  Fhuits.    In  these  the  pericarp  is  usually  differentiated  into 

laverp,  and  some  portiou  of  it  re- 
tains its  sap  until  it  is  ripe,  and 
usually  becomes  fleshy  at  that 
btage ;  it  is  indehiscent. 

(1)  The  drupe  (Fig.  344),  is  su- 

I>erior  and  mouomerous,  e,g.  the 

Plum,  Cherry;  or  Rynoarpous,  e.g. 

the  Walnut  and  Coco-Nut.      The 

most  internal  layer,  the  endocarp, 

j  I  I         "^        H        is  very  hard  and  sderenchymatous 

^^      1  '  V         r  '        (Fig.  .H44 «);  it  is  commonly  known 

^^**^^Ss0s^  ^<:b!xiLc^f^         as  the  utone  in   Plums,   Peaclies, 

etc.,  and  encloses  the  seed  until 
germination :  the  mesocarp  is 
generally  succulent,  and  the  epi- 
carp  is  a  delicate  membrane  :  when 
the  fruit  consists  of  several  drupes, 
they  a'  e  commonly  termed  drupels  {e.g.  Raspberry). 

(2)  The  berry  (bacca) :  the  endocarp  is  soft  and  juicy  as  well  as  the  mesocarp, 
so  that  the  seeds  are  imbedded  in  the  pericarp  :  there  may  be  one  seed  only,  as 
in  the  Date;  or  many,  as  in  the  Gourd,  Currant  and  Grape:  the  fruit  may  have 
one  loculus,  as  in  the  Grape  and  the  Gourd,  or  several  loculi,  as  in  the  Orauge; 
and  further,  it  may  be  superior,  as  in  the  Grape, 
/-  Orange,  and  Lemon;  or  inferior,  as  iu  the  Cur- 

rant, the  Gooseberry,  and  the  Gourd. 


Fia.  343.— Diagrammatlcsectfons  of  dehiscent 
Dcultilocular  capsales.  A  Septicidtil,  B  Incali- 
cidal,  dehiscence  ;  C  loculicidal  septifragal 
dehiscence. 


When  the  frnit  is  apocarpous  and 
consists  of  many  achenes,  drupels,  or 
follicles,  ifc  is  termed  an  etwrio;  for  in- 
stance, the  fruit  of  the  Buttercup,  the 
Rose,  and  the  Sti-awbeiry  is  an  etaerio 
of  achenes  ;  that  of  the  Raspberry  and 
the  Blackberry  is  an  etrorio  of  drupels; 
that  of  the  Tulip-Tree  and  of  the  Mag- 
nolia is  an  etsQrio  of  follicles. 

The  transiiion  between  a  syncarpous  and  an 
apocarpous  fruit  can  be  readily  traced  in  the 
M'ilvacete,  from  the  luculicidal  capsule  of  the 
Hibiscete,  through  the  schizocarpous  carcerule 
of   the  Malvete,  to  the   fruit  of   the   Malopes 


Fio.  34*.— Longitndinal  sec- 
tion of  the  drupeof  the  Almotid: 
fl  the  seed  attached  by  the  fun- 
icle  (/);  e  the  hard  endocnrp  ; 
m  the  mesocnr]);  and  at  the 
epicnrp— these  constitute  the 
pericarp  (j-). 

which  resembles  an  ettcrlo  of  achenes  though  the  styles  are  coherent. 
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The  AngiospermB  are  subdivided  as  follows  : — 

Class  IX.  MoNOCOTVLEDONES :  the  embryo  has  nsuallj  a  single 
terminal  cotyledon,  and  the  growing-point  of  the  primary  stem  is 
developed  laterally  :  the  ripe  seed  nsaally  contains  abundant  endo- 
sperm :  the  vascalar  bandies  of  the  stem  are  closed :  the  leaves 
commonly  have  parallel  venation:  the  flower  belongs  usually  to 
the  pentacyclic  trimerous  type. 

Class  X.  DioOTYLEDONKS  :  the  embryo  has  usually  two  opposite 
cotyledons,  and  the  growing-point  of  the  primary  stem  is  de- 
veloped terminally :  the  ripe  seed  is  commonly  exalbuminons  : 
the  vascular  bundles  of  the  stem  are  usually  open :  the  leaves 
commonly  have  reticulate  venation  :  the  structure  of  the  flower 
vanes,  but  it  frequently  belongs  to  the  pentacyclic  pentamerous 
type. 


Class  IX.— MONOCOTYLEDONES. 

Althougb  the  seed  typically  contains  endosperm,  it  contain; 
none  in  certain  orders;  namely,  the  Orchidaceee,  most  aquatic 
Monocotyledons  (Alismales,  Hydrocharidacese),  and  in  some  genera 
of  Arace®  (Orontium,  Symplocarpus,  Scindapsus,  Monstera, 
Amorphophallus).  In  the  Scitamine»  perisperm  is  always 
present  in  the  seed,  either  together  with  endosperm  (Zingi- 
beraceffi),  or  without  endosperm  (Mnsaceee,  Marantaceee).  In  the 
albuminous  seeds,  the  embryo  is  usually  small  in  proportion  to 
the  endosperm  (Fig.  345  I,  e,  c). 

Whilst  the  single  cotyledon  of  the  embryo  is,  as  a  rule,  terminal 
and  the  growing-point  of  the  stem  lateral,  in  some  forms  the 
growing- point  of  the  stem  is  terminal  (apical)  on  the  longitudinal 
axis  of  the  embryo  (Dioscoi^eaceee,  Commelynaceee,  see  p.  445). 
The  growing-point  of  the  primary  stem  fi'cqnently  developes  into 
a  plumule.  The  axis  of  the  embryo  terminates  posteriorly  in  a 
shoi*t  radicle. 

On  germination,  the  upper  end  of  the  cotyledon  commonly 
remains  in  the  seed  and  absorbs  the  nutritious  substances  de- 
posited in  the  endosperm  (Fig.  345  II.-IV.) ;  the  lower  part  of  the 
cotyledon  elongates  and  pushes  the  rest  of  the  embryo  ont  of  tl:? 
seed.  In  Grasses  the  cotyledon  has  a  peculiar  shield-like  form,  and 
is  termed  the  scutellnm  (Fig.  346  8c) :  in  the  ripe  seed  it  almost 
entirely  encloses  the  embryo,  and  is  in  contact  by  its  outer  surface 
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with  the  endosperm;  dni-iug  germination  the  cotyledon 
natiitioas  matters  con- 
tained in  the  endo-  -^ 
sperm,  while  the  stem 
with  the  other  leaves 
grows  out  of  the  seed. 
Jn  other  Monocoty- 
ledons either  the  coty- 
ledon is  a  sheathing 
scale,  or  it  is  the  first 
green  leaf  differing  but 
little  from  the  foliage- 
leaves  which  are  sub- 
sequently developed. 

In  many  Grasses  there  is 
a  scaly  aipendage  borne 
opposite  to  the  scnkellum ; 
this  is  termed  the  epiblagt, 
and  is  sometimes  regarded 
as  a  rudimentary  second 
cotyledon  (Fig.  346  B,  /). 

The     primary     root 

usually  remains   small 

and  inconspicuous :   in 

Grasses   generally,  the 

radicle  begins  to  branch 

before     it     escapes 

through  the  micropyie 

on  germination,  so  that 

the  root  is  then  fibrous; 

when  this   is  the  case  // 

the  inadequate  root- 
system  is  supplemented 
by  the  development  of 
adventitious  roots  in 
succession  at  higher 
and  higher  levels  upon 
the  st^m.  The  epi- 
blema  of  the  root  is  the 
external  layer  of  the 
cortex  (see  p.  154) 


absorbs  the 


J 


Fio.  846.  —  GennlnaUon  of  PhmniM  aaetylifera,  the 
Date.  J.  TranBvei*8e  section  of  tbe  dormant  «eed.  ill., 
IV,  Different  stages  of  gennlnation  (IV.  the  natural 
Bue).  A  Transverse  section  of  the  seed  at  »c  in  IF. 
B  Transverse  section  of  the  seedling  at  «  v :  C  at  s  s. 
0  The  homy  endosperm ;  •  the  sheath  of  the  cotyledon ; 
Bt  its  stalk  ;  c  its  apex  devel  >pea  into  an  organ  of  ab- 
sorption whicb  gradually  consumes  the  endosperm  and 
at  length  occupies  its  place ;  io  tbe  primary  rooi;  w' 
secondary  root*;  h'h"  the  leaves  which  succeed  tbe 
cot;  ledon ;  (b")  becomes  the  first  foliage-leaf,  in  B  and  C 
iis  folded  lamina  is  seen  cut  acro»f.    (After  Sachs.) 


Digitized  by 


Google 


GROUP   IV. — PHANITKOGAMIA  :    ANGIOSPERMiE  :   MONOCOTYLEDONES.    6I>5 

The  stem  of  Monocotyledons  is  traversed  longitudinally  (Fig. 
132,  p.  172)  by  scattered  closed  vascular  bandies  (Fig.  137)  ;  it 
has  therefore  no  growth  in  thickness  by  the  means  of  cambium. 
In  a  few  genera  only,  as  Yucca  and  Dracaena,  it  grows  subse- 
quently in  thickness  by  the  formation  of  meristera  in  the  pericycle 
from  which  additional  closed  vascular  bundles  are  developed  (see 
p.  205,  and  Fig.  154). 

The  axis  of  the  embryo  in  many  cases  continues  to  be  the  main 
axis  of   the  plant;  at  fii-st  it  is   thin  and  weak,  and  since  no 


x^ 


Fio.  SM.— Grain  of  Tnitcttm  vxilgare,  the  Wheat.  A  Cross-tection  tbrotigh  tbe  pericarp 
and  tenia.  Of  these,  op  is  the  epidermie,  e  the  outer  layers,  and  chl  the  chlorophyll, 
layer,  of  the  pericftrp:  ii  remnants  of  the  ovular  integument,  and  n  the  outermott 
thickened  layer  of  the  nacellus;  these  together  oonstitate  the  testa:  al  the  aleoron* 
layer  of  the  endosperm  (x  240).  B  Median  longitudinal  section  through  the  lower 
pnrt  of  a  ripe  grain,  in  the  plane  of  the  furrovr.  At  the  bottom  of  this  to  the  left  is 
theembrj'o:  the  scutellum,  cc ;  I'  theligule  of  the  scntelltim;  vcits  vascular  bundle;  co 
its  layer  of  cylindrical  epithelinm :  c  the  sheath  of  the  plumule  (colooptlle);  pv  the  grow- 
ing-point of  the  stem ;  hp  tbe  hypocotyl ;  I  the  epiblast;  r  the  radicle;  ep  the  root-cap  of 
the  radicle ;  cl  the  root-sheath  (ooloorhiza) ;  m  place  of  exit  of  the  radicle,  corresponding 
with  the  mieropyle  of  the  ovule ;  p  the  f nnicle ;  vp  vascular  bundle  in  the  funide ;  / 
lateral  surface  of  the  furrow  (x  14).    (After  Strasburger.) 

X 

secondary  growth  in  thickness  of  the  stem  takes  place,  and  since 
the  successive  portions  of  the  stem  are  thicker  and  more  vigoiims, 
the  whole  stem  gradually  assumes  the  appearance  of  an  inverted 
cone;  but  whan  the  plant  has  reached  a  certain  height  it  may 
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then  grow  cjlindrically :  this  is  the  reason  why  in  Palms,  in  the 
Maize,  and  other  similar  erect  stems,  there  is  a  diminution  in 
thickness  at  the  lower  end.  Frequently,  however,  the  primary- 
axis  of  the  plant  perishes  when  it  has  given  rise  to  latei*al 
shoots. 

The  arrangement  of  the  leaves  is  at  first  alternate :  when  the 
stem  is  well  developed  this  alternate  arrangement  often  passes 
over  into  complex  spiral  arrangements,  as  in  Fritillaria  and  in 
Palms,  in  which  plants  a  crown  of  leaves  is  conspicuous.  In  the 
Grasses,  and  a  few  other  families,  the  phyllotaxis  is  permanently 

alternate.  A  whorled  aiTange- 
ment  of  the  foliage- leave j 
occurs  but  rarely. 

The  leaves  commonly  have  a 
well- developed  sheathing  leaf- 
base  :  they  may  be  described 
as  exstipulate,  although  certain 
structures,  such  as  the  axillary 
scales  {sqnamulm  infravagi- 
nales)  of  Naias,  Elodea,  Acorus, 
etc.,  and  the  tendrils  springing 
from  the  petioles  of  Smilax, 
have  been  described  as  stipules, 
but  without  conclusive  evi- 
dence. The  scales  of  Naias, 
etc.,  seem  rather  to  be  ligular. 
The  lamina  is  usually  entire, 
simple  in  outline,  often  long 
and  narrow,  linear  or  ensi- 
form,  more  rarely  orbicular, 
cordate  or  sagittate.  Branched 
leaves  occur  only  in  a  few  of 
the  AracetJB :  the  pinnate  or 
palmate  leaves  of  the  Palms 
acquire  this  form  by  the  splitting  of  the  originally  entire  laminee, 
and  the  same  is  the  case  with  the  perforated  leaves  of  many 
Aracea)  (see  p.  54?). 

The  venation  of  the  leaves  is  characterized  by  the  fact  that  the 
weaker  veins  do  not  usually  project  on  the  under  surface.  In 
linear  leaves,  and  in  such  as  ai*e  inserted  by  a  broad  base,  the 
stronger  veins  run  almost  parallel  j  in  bi-oader  ones,  e.g.  Lily  of 


Fio.  347.— Longitudinal  section  of  the  groin 
of  Zea  Maia  (x  about  6) :  o  pericarp;  n  re- 
mains of  the  stigma ;  ft  base  of  the  grain  ;  eg 
hard  yellowish  part  of  the  endosperm  ;  no 
whiter  less  dense  part  of  the  endosperm ;  so 
scntellum  of  the  embryo ;  m  its  apex ;  •  its 
epidermis  ;  k  plumule ;  tc  (below)  the  primary 
root ;  vt  the  coleorhita ;  10  (above)  secondary 
roots  springing  from  the  epicotyl  (at).  (Afier 
Sachs.) 
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the  Valley  {ConvaUai'ia  majalis).  they  describe  a  curve  which  is 
more  or  less  parallel  to  the  margin ;  the  weaker  veins  nsuallj  run 
at  right  angles  between  the  stronger  ones.  In  the  ScitarainesB 
and  a  few  other  plants,  a  number  of  parallel  transverse  veins  are 
given  off  at  vanons  angles  .(sometimes  acute,  and  sometimes  nearly 
right  angles)  from  the  midrib.  Reticulate  venation  of  the  loaves 
is  unusual ;  but  it  occurs  in  Ai*oids,  in  Paris  quadrifoUa^  etc.  (see 
p.  56). 

The  flower  of  Monocotyledons  consists  typically  of  five  alternat- 
ing and  ieomerous  whorls,  two  belonging  to  the  perianth,  two  to 
the  androecium  and  one  to  the  gynseceum.  Thus  the  typical 
foinnula  is  Kn^  Cn,  i4n  +  n,  (7n,  where  n  in  most  cases  =  3,  more 
rai-ely  =  2,  4  or  5. 

Lateral  flowers  have  a  posterior  prophyllum  ;  hence  the  first 
perianth-leaf  is  anterior.  The  perianth -leaves  are  genei-ally  all 
much  alike,  and  petaloid  in  both  series :  sometimes  they  are  all 
sepaloid  (e.gr.  Juncaceae)  ;  more  rarely  those  of  the  external  whorl 
are  sepaloid,  those  of  tlie  internal  petaloid  (e.j,  Commelynace»e, 
Alismaceae). 

This  typo  is  most  closely  adhered  to  in  the  Liliacete.  The  simplest 
departure  from  it  is  exhibited  in  the  suppression  of  the  incer 
whorl  of  stamens  in  the  Iridacese,  and  in  the  inferior  position  of 
the  ovary.  This  latter  character  occurs  also  in  the  Scitamineae 
and  OrchidaceoB,  which  are  further  chai*aoterized  by  the  zygomor- 
phism  of  their  flowei's  and  the  considerable  reduction  of  the 
androecium.  Other  various  and  considerable  deviations  by  re- 
duction from  the  Liliaceous  typ)e  of  flower  occur  among  the 
Ai*aceaB,  and  in  the  Glumale8,and  Typhaceae,  and  in  certain  water- 
plants  {e.g.  Naiadacea),  Lerauaceao).  On  the  other  hand,  the 
deviation  may  bo  duo  to  increase  in  number,  more  especially  of  the 
members  of  the  gy naiceum  and  to  some  extent  of  the  androecium 
{e.g.  Alismacceo). 
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Sub-Class  I.    SPADICIFLOR^. 


Inflorescence  usually  a  spadix  with  a  spatbc,  bat  flower  some- 
times solitarj:  flowers  frequently  monospor-angiate,  sometimes 
dioecions :  perianth,  often  wanting,  never  petaloid :  anthers  nsn- 
ally  extrorse,  or  dehiscing  by  pores  :  ovary  superior. 

Cohort  1.  Arales.  The  flowers  are  small  and  numerous ;  the 
inflorescence  a  spadix  or  a  panicle  with  thick  branches,  commonly 
enclosed  in  a  greatly  developed  spathe;  the  bracts  of  the  indi- 
vidual flowers  are  frequently  wanting;  perianth  0,  or  polyphyl- 
lous ;  the  flowers  ai-e  usually  diclinous,  but  both  kinds  of  flowers 
frequently  occur  in  the  same  inflorescence :  gyneeceum  apocarpous 
or  synoarpous  :  the  seeds  have  a  large  endosperm  :  the  embryo  is 
straight  and  minute. 

Order  1.  Aracej:.  Flowers  monoecious  or  J  '  perianth  0  or  of 
4-6  leaves :  stamens  1-8,  fi^equently  coherent  into  a  synandrium 
in  the  (J  flowers :  ovary  monomerous,  or 
polyraerous  and  mnltilocular :  fruit  a  berry  : 
seed  sometimes  exalbuminous.  Mostly  tro- 
pical. 

In  many  of  the  genera  the  flowers  are 
complete  and  conform  to  the  monocotyle- 
donous  type,  Kn,  On,  An  -^  n  0  ("),  where 

n  may  stand  for  2,  or  3, 

as  in-Acorus  (Fig. 348), 

in   which    the    flowers 

are  exactly  typical.    In 

other  genera,  however, 

ihij  flowers  are  reduced 

in  various  ways  and  de- 
grees ;    not    only  does 

the  perianth  disappear, 

but  the  number  of  the 

stamens  and  carpels  is 

frequently  diminished. 

In     many     ?     flowers 

staminodia  are  present, 
either  in  the  typical  or  in  a  smaller  number, 
offered  by  those  diclinous  flowers  of  which  the  <J  consists  of  only 
a  single  stamen  (e.g.  Arisarum),  and  the  ?  of  only  one  monomerous 


Pi«.  318.— Flower  of 
AcoruM  CalamuM  (mag.) : 
a  oater,  %  intxtr  peri- 
anth:  ft  stamens;  / 
ovary. 


Fig.  340.— Spadix  of  Arum 
maeulatum  (nat.  size) :  / 
macrosporangiate,  a  micro- 
sporangiate,  and  b  rudi- 
mentary flowers;  c  the  up- 
per club-shaped  end  of  the 
spadix. 

An  extreme  case  is 
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ovary.  These  much  reduced  flowers  are  disposed  in  regular 
order  on  the  spadix :  thus  in  Arum  (Fig.  349)  the  numerous  $ 
flowers,  consisting  each  of  one  carpel  (Fig.  349/),  are  inserted  on 
the  base  of  the  spadix  ;  and  the  (J  flowers,  each  consisting  merely 
of  3-4  stamens,  are  closely  packed  higher  up  on  it  (Fig.  349  a). 
The  upper  part  of  the  spadix  is  covered  with  rudimentary  flowers 
(6,  c).  When,  as  in  this  case,  the  perianth  of  the  true  flowers  is 
wholly  wanting,  the  whole  inflorescence  may  assume  the  aspect 
of  a  single  flower ;  but  irrespectively  of  the  numerous  intermediate 
forms  which  are  to  be  found,  such  a  view  is  untenable  when  it  is 
borne  in  mind  that  here  the  ovaries  are  invariably  situated  below 
the  stamens,  while  in  a  flower  they  are  invariably  above  them. 

The  usually  sympodial  stem  may  be  undergi'ound,  a  tuber,  or  a 
rhizome,  or  it  may  be  aerial ;  in  the  latter  case  it  often  climbs, 
clinging  to  trees  by  means  of  aerial  roots.  The  leaves  are  either 
alternate  and  distichous  or,  more  often,  spii*al  with  a  divergence 
of  f .  They  are  rarely  narrow,  linear,  or  ensiform,  and  commonly 
consist  of  leaf-base,  petiole,  and  blade  ;  the  venation  is  reticulate, 
and  the  leaf  often  exhibits  a  more  or  less  complicated  segmenta- 
tion. Laticiferous  sacs  or  cells  (see  p.  141)  occur  in  some  families 
of  the  order,  as  do  also  sclerotic  cells  (see  p  133). 

Fam.  1.  Pothoidece :  without  either  latioiferoos  or  sclerotic  cells:  flowers 
nsimlly  ^ ,  with  or  without  a  perianth.  This  fami  y  includes  a  number  of 
genera,  such  as  Pothos,  Authurium,  Acorns.  The  only  member  which  occurs  in 
Britain  is  Acorus  CalamWy  the  Sweet  Fiag,  which  grows  on  the  margins  of 
ponds  and  rivers:  its  subterranean  rhizome  bears  long  eusiforni  alternate 
leaves,  crimped  at  the  edges;  its  flowering-shoot  is  triquetrous,  bearing  a 
terminal  spadix  which  is,  however,  displaced  to  one  side  by  the  spathe  which 
developes  so  as  to  form  a  continuation  of  the  long  axis  of  the  flowering-shoot : 
the  spadix  is  densely  covered  with  flowers  (Fig.  348). 

Fam.  2.  Monsteroidea  :  without  laticiferouo  cells,  but  with  sclerotic  cells: 
flowers  ^  ,  mostly  without  a  perianth.  Monatera  deliciota  (sometimes  called 
Philodeiidron  pertusum),  with  perforated  leaves,  is  commonly  cultivated  in  hot- 
houses :  it  comes  from  Mexico.    Scindapsus. 

Fam.  8.  Call  id^a :  with  straight  rows  of  laticiferous  cells:  flowers  usually 
^ ,  with  or  without  a  perianth :  leaves  never  sagittate.  No  member  is  indi- 
genous iu  Britain :  Calla  yalmtri*  occurs  iu  the  marshes  of  Northern  Europe ; 
it  has  a  white  spathe  and  parallel -veined  leaves.     Symplooarpus.     Orontium. 

Fam.  4.  Laxioidea :  with  straight  rows  of  laticiferous  cells :  flowers  mono- 
or  ambi-sporanginte,  mostly  without  a  perianth:  leaves  sagittate,  often 
segmented.  This  family  includes  a  number  of  typical  genera,  of  which  Aiuor* 
phophallus  is  the  most  conspicuous. 

Fam.  5.     Philodendroidea :  with  straight  rows  of  laticiferous  cells :  flowcn 
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diolinoas,  without  a  perianth :  stamens  usually  connate :  leaves  generally 
parallel-veined.  Zantede»ehia  (Calla  or  Richardia)  athiopica^  with  a  white 
spathe,  is  commonly  cultivated  under  the  name  of  the  Trumpet  Lily. 

Fam.  6.  Colocanoid/a :  with  a  net- work  of  laticiferous  vecsels :  flowers 
diclinous,  mostly  without  a  perianth  ;  stamens  connate :  leaves  « itb  reticulate 
venation.  The  g<>nera  Alocasia,  Colocasia,  and  Galadium,  are  commouly  culti- 
vated as  foliage-plants. 

Fam.  7.  Aruidea  :  with  straight  rows  of  laticiferous  cells :  flowers  dirlinous: 
usually  without  perianth.  Arum  maculafum,  the  Cuckoi-pint  or  Lordg  and 
Ladies,  Is  a  British  plant,  common  in  wood  and  hedges  ;  the  large  g^eeu  spnthc 
completely  envelopes  the  spadix  (Fig.  349).  Draounculus  and  Arisarum  are 
also  European  genera. 

Fam.  8.  Putwidea :  no  laticiferous  tissue :  flowers  diclinous,  without 
perianth :  microsporangiate  flowers  numerous  and  whorled,  macrosporangiate 
flower  single,  on  the  spadix. 

Pittia  Stratiotes,  a  tropical  water-plant,  is  characterized  by  having  the  flowers 
on  the  spadix  reduced  to  two,  one  <^  flower,  and  one  9  flower  couHisting  of  a 
single  carpel :  the  spadix  and  spathe  are  adherent.    It  appears  highly  pro- 
bable that  the  LemnacesB.  mentioned  below,  are  in 
fact  very  simple  forms  of  this  family. 

Order  2.  LEMNACBiS.  Stem  leafless. 
Each  inflorescence  consists  of  two  cf  flowers 
and  one  ?  flower  borne  on  a  lateral  branch 
of  the  stem :  the  (J  flowers  consist  of  a 
single  stamen,  and  the  9  flower  of  one 
carpel. 

Lemna  frituleot  L,  {Spirodela)  polyrhiza^  minor 
and  gihba,  are  known  as  Duck-weed  ;  they  are  '"'o.  350.— Part  of  a  plant 
common  in  tonks  and  ponds,  floating  on  the  water.  of  I>mn«tr«uloa,  seen  from 
-,,         .  1  •  1     •     1     n  1        ^    a  ^  above :  a  the  young  lateral 

The  stem,   which  is  leafless,  is    ahnost    flat,  re-      bmnchee  (nat.  size), 
sembliug  a  tliallus:   it  bears  two  rows  of  branches 

(fig.  350).  as  alRo  roots  on  its  under  surface  which  are  suFpended  in  the  water. 
Boots  are,  however,  absent  in  Wolffia  arr/Uza,  which  is  also  devoid  of  vascular 
bundles ;  its  flower  has  no  spathe,  and  it  bears  only  one  row  of  braucbes :  it 
is  the  smallest  known  flowering  plant. 

Order  3.  Pandanacejb.  Flowers  dioecions,  perianth  0 :  the  ? 
flower  sometimes  consists  of  a  single  carpel ;  or  of  several  carpels 
formin>(  a  raaltilocnlar  (species  of  Pandanns)  ovary,  each  loculos 
containing  a  single  ovule;  or  of  several  carpels  forming  a  uni- 
locular (Freycinetia)  ovary  with  numerous  parietal  ovules ;  they 
are  closely  crowded  on  the  spadix,  which  becomes  a  spurious  fruit: 
the  ^  flower  has  numerous  stamens:  in  the  genus  Freycinetia, 
each  flower  usually  has  rudiments  of  the  missing  reproductive 
organs. 
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Pandanm  utility  the  Screw-Pine,  and  other  species,  form  thickets  in  <he 
tropics,  ]^articalarly  on  the  hanks  of  rivers.  The  straight  woody  stems,  which 
subsequently  branch,  give  off  numerous  strong  adventitious  roots  which  attach 
them  to  the  soil,  and  bear  crowns  of  large  narrow  linear  leaves,  the  margins 
of  which  are  frequently  set  with  sharp  spinous  teeth.  The  tough  vascular 
bundles  are  used  for  the  manufacture  of  fabrics.  The  genus  Frejcinetia  in- 
cludes a  number  of  shrubs,  some  of  which  climb.  Tropics  of  Australasia,  and 
the  Malay  Archipelago. 

Order  4.  Cyolanthace  j:.  Plants  of  a  palm-like  habit  in  Southern 
and  Central  America ;  the  diclinous  flowers,  which  nsnally  have  a 
perianth,  are  disposed  on  the  spadix  in  regular  spirals:  ov^nles 
many,  pariet'al. 

The  leaves  of  Carludovica  palmata  are  applied  to  various  purposes,  e.g. 
Panama  hats  are  woven  of  them. 

Order  5.  Typhaceje.  Flowers  monoecious ;  the  perianth  repre- 
sented only  by  scales,  or  0.  Stamens  usually  3.  Ovary  usually 
monomerous,  containing  one  ovule.  Inflorescence  a  spadix,  with- 
out a  spathe,  elongated  or  compact. 

In  8parganium,  the  Bur-Beed,  the  inflorescences  are  spherical  spikes  which 
are  borne  terminally  and  laterally  in  two  rows  on  the  upper  part  of  the  stem. 
The  lower  spikes  bear  only  9 ,  and  the  upper  only  <^  flowers ;  the  perianth 
consists  of  3-6  scales  ;  stamens  3-8,  free  ;  gynaeceum  sometimes  dimerous  with 
an  ovule  in  each  locplus.  Sparganium  simplex  and  ramotum  are  not  rare  in 
ditches. 

Typha,  the  Beed-Mace  or  Bulrush,  bears  its  flowers  on  a  long  terminal  spadix; 
the  S  flowers  are  borne  directly  on  the  upper  and  thinner  portion  of  the  main 
axis;  on  the  lower  and  thicker  portion  are  borne  the  9  flowers,  partly  on 
the  main  axis  and  partly  on  very  short  lateral  shoots ;  the  perianth  is  replaced 
by  long  hairs  ;  stamens  1-5,  monadelphous.  Typha  anguttifolia  and  latifoUa 
occur  in  bogs  and  wet  places. 

*  c 
Cohort  2.     Palmales.     Order  1.     Palmacejs.     The  dioecious  or 

monoecious,  rarely  monoclinous  or  polygamous,  flowers  are  inserted, 

with  or  without  bracts,  on  the  spadix  or  on  the  thick  axis  of  a 

spicate  or  paniculate  inflorescence  (Fig.  351)  :  they  generally  con- 

form  to  the  type  JC3,  03,  -43  +  3,  (?  '-* :  in  some  instances  a  larger 

or  a  smaller  number  of  stamens  are  pi'esent :  anthers  sometimes 

introrse :  carpels  rarely  more  or  less  than  3,  either  free  or  connat-e  ; 

when  the  gynteceum  is  apocarpous,  the  ovary  is  unilocular ;  when 

syncarpous,  the  ovary  jpas  from  one  to  three  loculi.     Each  loculns 

contains,  typically,  a  single  basal  ovule  ;  but  in  trimerous  ovaries, 

two  of  the  ovules  are  generally  abortive :  frequently  not  more 
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than  one  of  the  carpels  (whether  the  gynseceum  be  apocarpous  or 
syncarpous)  developes  into  the  fruit :  the  fruit  is  generally  bac- 
cate or  drupaceous,  one-seeded :  the  seed  is  large,  and  the  contained 
endosperm  is  homy. 

Their  mode  of  growth  is  somewhat  various.  Most  palms  bear 
their  leaves  closely  aiTanged  in  a  crown  at  the  top  of  a  tall  or  of 
a  quite  short  stem,  which  is  clothed  for  some  distance  below  its 
apex  with  the  remains  of  the  older  withered  leaves.  But  in  some 
genei'a,  e.g.  Calamus,  the  stems  creep  or  climb  and  the  leaves  are 
inserted  at  some  distance  from  each  other.  The  blade  of  the 
leaf  comtaonly  splits  in  the  course  of  its  growth,  assuming  a  com- 
pound palmate  or  pinnate  form  (see  p.  54).  The  inflorescence 
is  invested  by  bracts  :  there  is  usually  a  large  bract  (spathe)  which 
envelopes  the  whole  inflorescence  when  young, 
and  other,  inner,  bracts  which  either  partially 
invest  it  or  (when  branched)  its  branches. 

Palms  chiefly  inhabit  the  tropics,  particu- 
larly the  Moluccas,  Brazil,  and  the  region  of 
the  Orinoco,  and  the  different  genera  belong 
exclusively  (at  least  originally)  either  to  the 
Old  or  to  the  New  World. 

Fam.  1.  Coryphina  :  the  gynaeceum  consists  of  three 
free,  or  but  slightly  coherent,  carpels  :  fruits  1-3,  bac- 
cate :  the  leaf -segments  are  concave  above.  Fhanix 
dactylifera  (the  Date  Palm)  a  native  of  Asia  and  Africa, 

has  pinnatifid  leaves.     Of  the  three  ovaries,  one  only  p^^  ggj  —Part  of  tho 

developes  to  form  the  fruit  which  is  known  as  the  Date ;  panicle  of  macrosporan- 
the  stone  of  the  Date  consists  of  a  very  thin  testa  en-  giato  flowers  of  ChamsB- 
closing  the  large  mass  of  hard  endosperm  in  which  the  dorea:«  the  thick  axis;  a 
embryo  is  imbedded.  ChamaropB  humilis  is  a  frequently  i||^m^Thorrof^'  the 
cultivated  ornamental  plant,  with  fan-like  leaves,  which  perianth ;  /ovary  (x  3). 
belongs  to  the  Mediterranean  region. 

Fam.  2.  Borassina  :  ovary  syncarpous,  trilocular  at  its  base  :  fruit  1-3 
seeded,  smooth,  drupaceous,  with  hard  endooarp :  leaves  fan-shaped,  the  seg- 
ments concave  above.  To  this  family  belong  Iltjphane  thehaica,  the  Doum 
Palm  of  Egypt ;  and  Bora$sut  fiahelliformit,  the  Palmyra  of  India  and  Africa. 

Fam.  1.  Lepidocaryina  :  ovary  syncarpous,  trilocular:  fruit  covered  with 
scales,  enclosing  a  single  seed  :  leaf-segments  convex  above. 

Mauritia  is  an  American  genus.  Haphia,  an  African  genus,  but  occurring 
in  America,  is  one  of  the  few  instances  in  which  a  genus  of  Palms  is  repre- 
sented in  both  the  New  and  the  Old  Worlds  :  from  its  leaves  "  Kaphia-bast " 
is  obtained ;  R.  vinifera  is  the  Bamboo  Palm  from  which  Palm-wine  is  made  in 
Africa.  Metroxylon  (Eu-Sagtu)  Ramphii  and  Iceve,  growing  in  the  Moluccas, 
are  the  plants  from  which  Sago  is  obtained  ;  it  consists  of  the  starch-grains 
V.  S.  B.  N   N 
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obtained  from  the  parenchyma  of  the  trunk.  The  steins  of  species  of  Cahunns, 
in  the  East  Indies,  supply  Malacca-cane. 

Fam.  4.  Ceroxylina :  ovary  syncarpous,  uni-  or  tri-locnlar :  fruit  a  berry 
(sometimes  3  berries  by  separation  of  the  carpels  after  fertilisation)  or  a  drape, 
1-8  seeded :  leaves  pinnate. 

Areca  Catechu  (Fig.  352  J)  is  the  Betel-Palm  of  tropical  Asia.  Cocot  nueifrra 
(the  Coconut  Palm)  has,  as  is  well  known,  many  uses).  The  fruit  itself  is  a 
gigantic  drupaceous  fruit ;  the  mesocarp  is  traversed  by  an  immense  number  of 
vascular  bundles,  which  are  used  to  make  ropes,  etc.  Inside  the  excessively 
hard  innermost  layer  of  the  pericarp,  the  endocarp,  lies  a  single  large  seed. 
When  the  fruit  is  mature,  the  endosperm  forms  a  layer  only  a  few  millimetres 
in  thickness,  which  lines  the  hard  shell ;  the  rest  of  the  space  (the  remaining 
cavity  of  the  embryo-sac)  is  filled  with  fluid,  known  as  ooco-nnt  milk.  The 
embryo,  which  is  small,  is  imbedded  in  the  firm  tissue  of  the  endosperm,  under 


Fie.  352.—^  Part  of  the  macrosporangiate  infloreftcence  of  Phanix  redinata  (nat.  size) : 
B  single  macrosporangiate  flower:  C  two  carpels:  D  floral  diagram.  J  Froit  of  Ar«C€ 
Catechu,:  one  hair  of  the  flbrous  pericarp  has  been  removed. 

the  spot  where  there  is  a  hole  (corresponding  in  position  to  the  style  of  the 
single  fertile  loculus  of  the  ovary)  in  the  endocarp.  Elais  guineensU  is  the 
Oil  Palm  of  West  Africa  ;  the  mesocarp  of  the  plum-like  fruit  yields  the  oil. 

Fam.  6.  Fhytelephantiua  :  flowers  dioecious  (Phytelephas)  or  monoecious 
(Nipa) ;  in  the  former  genus,  the  9  flowers  have  numerous  staminodes ;  in  the 
latter  the  two  kinds  of  flowers  are  respectively  confined  to  distinct  branches  of 
the  same  spadix,  the  staminate  branches  being  lateral  and  amentoid,  whilst  the 
carpellary  flowers  form  a  cluster  at  the  apex  of  the  main  axis:  stamens 
numerous  and  free  (Phytelephas),  or  three  connate  (Nipa) :  perianth  sometimes 
absent  (  9  flowers  of  Nipa) :  ovary  synoarpous,  tri-carpellary,  one-seeded  (Nipa), 
or  of  4-9  carpels  (Phytelephas)  with  as  many  seeds. 

These  are  low-growing-Palms,  Nipa  belonging  to  the  East  Indies,  and 
Phytelephas  to  tropical  America :  the  hard  endosperm  of  Phytelephas  is  known 
as  vegetable  ivory. 
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Sub-Class   IL— GLUMIFLOR^. 

Flowers  ambisporangiate  or  monosporangiafce  and  then  mostly 
raonoecions,  usnallj  in  heads  or  spikelets  invested  by  imbricate 
bracts :  perianth  absent,  or  scaly :  ovary  superior,  uni-  or  mnlti- 
locular,  with  one  ovule  in  the  loculus  :  seeds  with  endosperm. 

Cohort  1.     Glumales.     Ovary  unilocular  :  ovule  erect. 

Order  1.  Graminace^.  True  Grasses.  The  leaves  are  alternate 
on  the  stem,  which  is  known  as  the  haulm ;  the  embryo  lies  on  the 
side  of  the  endosperm  (Figs.  346-7).  The  usually  ambisporangiate 
flowers  generally  have  the  formula  KO,  CO,  -43  +  0,  01 ;  they  are 
enclosed  by  bracts  here  termed  palece,  and  are  arranged  in  compli- 
cated inflorescences ;  the  monomerous  unilocular  ovary  contains 
only  one  ovule ;  the  grain  is  the  fruit,  a  caryopsis,  to  which  one 
(the  inferior)  or,  less  commonly,  both,  of  the  palesB  sometimes 
adhere,  e.g.  Barley  and  Oats. 

The  flower  is  sessile  in  the 
axil  of  a  bract,  which  is 
tenned  the  inferior  or  outer 
paleay  sometimes  also  called 
the  /lowering -glume  (Fig.  355 
&i,  2)2...),  and  there  is  also  a 
bracteole     opposite      to     and  yiq,  363.  -  Diagnuna  of  Grass- flowers.     A 

somewhat    higher   than    this       Bambusa.     B  Common  type  of  GraminacesB. 

r  •  1    •     i  J      1  In  A  there  are  three,  in  B  two  lodicnles. 

which  IS  termed  the  superior 

or  inner  palea  (Fig.  355  ps).     The  two  paleaB  completely  enclose 

the  flower. 

Within  the  inferior  palea  are  usually  two  small  (antero-lateral) 

scales,    the     lodicules    (sometimes   only     a    single    anterior  one, 

Melica),  and  occasionally  (e.g,  Stipa,  some  Bambuseas  Fig.  353  ^4), 

there  is  a  third  scale  situated   posteriorly  within   the    superior 

palea.     These  lodicules  are  frequently  regarded  as   rudimentary 

perianth- leaves   (Fig.   353),  but   it  is  more   probable  that  they 

are  bracteoles,  the  two  antero-lateral  lodicules  representing  the 

two  halves  of  a  single  bracteole,   present,   as    such,    in   Melica. 

They  grow  and  become  succulent  at  the  time  of  flowering,  thus 

forcing  apart  the  paleaa  and  the  glumes  (Fig.  354).     Usually  two 

or  more  flowers,  thus  enclosed  by  palesB,  are  present  on  an  axis 

(Fig.  355  x),  and  constitute  the  spikelet  of  the  Grass,  and  beneath 

the  lowest  flower  there  are  usually  two  (or  more)  bracts  which 
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bear  no  flowers  in  their  axils  and  are  known  as  the  glumes  (Fig. 
355  g).  Thus  a  spikelet  consists  of  a  main  axis  bearing  two  rows 
of  bracts  of  which  the  two  first  and  lowest  are  barren,  while  the 
succeeding  ones  bear  each  a  flower  in  its  axil,  and  beneath  each 
flower  there  is  also  a  bracteole  f superior  palea)  belonging  to  the 
floral  branch  itself.  The  inferior  paleae  often  have,  either  at  the 
apex  or  else  borne  on  the  midrib,  a  spinous  process  called  the 
arista  or  avm  (Fig.  355  gr) . 

The  number  of  flowers  in  each  spikelet  varies,  however,  according 
to  the  gen  as  ;  often  there  is  bat  one,  the  lowest,  with  rudiments  of 


Fig.  354.— Single-flowered  spikelet  of 
Panicum.  mHiaceum.  (mag.);  Cj  and  C, 
second  and  third  glumes :  D  inferior 
palea:  E  superior  palea. 


Fig.  363.— a  spikelet  of  Wheat  dis- 
sected (mag.) :  X  axis  of  the  spikelet; 
g  glomes ;  \  b,  b,  b«  inferior  paloce  bear- 
ing (yr)  the  avm ;  b«  is  sterile.  Bi  U,  B, 
the  flowers  raised  (as  indicated  by  the 
dotted  lines)  out  of  the  axils  of  the  in> 
ferior  paleae ;  ps  superior  paleae ;  a  an- 
thers ;  /ovaries. 

others  above  it;  if,  however,  only  one  of  the  upper  flowers  is  de- 
veloped, then  the  lower  paleae  bear  no  flowers  in  their  axils  and 
are  regarded  as  glumes,  several  being  therefore  present  in  such  a 
case.  The  spikelets  themselves  are  in  many  genera,  e.g.  Rye  and 
Wheat  (Fig.  35G  B)^  arranged  in  two  rows  on  a  main  axis ;  the 
inflorescence  may  then  bo  designated  a  compound  spike  (see  p. 
491) ;  in  most  of  the  other  genera  the  main  axis  of  the  inflor- 
escence bears  lateral  branches  which  are  slender,  of  various  length, 
and  often  branched  again,  and  which  bear  the  terminal  spikelets ; 
in  this  way  a  panicle  is  formed,  as  in  the  Oat  (Fig.  356  A).  This 
may  be  either  loose  and  spreading,  with  long  lateral  branches,  or 
compressed,   with   very   short    branches,   e.g,    Alopecurus.      The 
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position  of  the  branches  of  the  panicle  is  more  or  less  bilateral ; 
dorsiventral,  when  (e.g.  Festuca)  the  branchlets  of  the  main 
branches  of  the  panicle  all  arise  on  the  same  side  (anilateral  or 
secund  panicle). 

The  androecinm  consists  commonly  of  one  (Fig.  353  B)  or  two 
(A)  whorls  of  2-3  stamens ;  when  there  is  bat  one  whorl  of 
stamens,  it  corresponds  to  the  outer  whorl  in  those  flowers  in 
which  two  whorls  are  present.  Sometimes  (e.g.  Luziola,  Ochlandra, 
Pariana)  the  stamens  are  nameroas  (about  18-20),  or  there  maj 
be  but  one  or  two.  When  there  are  normally  only  two  stamens, 
they  are  usually  situated  in  the  median  plane  (e.g.  Anthoxanthum), 
sometimes  in  the  lateral  plane  (e.g,  Coleanthus);  bat  where  this 
is  the  result  of  suppression  (Diarrhena,  Orthoclada)  they  are 
postero- lateral,  the  anterior  stamen  being  suppressed  :  when  there 
is  only  a  single  stamen,  this  is  generally  the  anterior  stamen  (e.g, 
species  of  Festuca  and  Andropogon),  the  two  postero-lateral 
stamens  being  suppressed. 

The  monomerous  gynaBceum  consists  of  a  single  median  carpel 
(Fig.  363),  bearing  1-3  styles  (see  p.  524) :  the  single,  somewhat 
campylotropous  ovule  is  sessile  on  the  ventral  suture  of  the  carpel. 

The  stem  is  generally  characterised  by  swollen  or  tumid  nodes, 
to  which  the  sheathing  leaf-bases  contribute.  The  long  interned es 
are  hollow  :  the  sheathing  leaf-bases  are  largely  developed,  and 
.  frequently  extend  over  several  internodes.  A  membranous  ligule 
is  developed  at  the  junction  of  leaf-base  and  lamina  (see  p.  48; 
Fig.  28). 

The  more  eommon  Grasses  are  classified  as  follows : — 

Series  A.  PANicoiDEiE :  spikelet  one-flo\?ered,  or  sometimes  two-flowered 
and  then  the  lower  flower  is  imperfect ;  articulated  so  that  it  falls  off  entire 
after  flowering  ;  no  prolongation  of  the  axis  beyond  the  flower. 

Tribe  1.  Fanicea :  spikelets  dorsally  compressed,  in  compound  spikes : 
glumes  3,  of  which  the  lowest  is  the  smallest :  inferior  palea  without  an  awn. 

Panicum  glabrum  {Digitaria  htimifiua),  F.  {Eehinochloa)  Crus-galli,  and  P. 
(Setaria)  viiide  occur  occasionally  on  cultivated  land.  P.  miliaeeum  yields 
MUlet. 

Tribe  2.  Maydea :  the  diclinous  flowers  are  in  distinct  f  pikelets ;  the  two 
kinds  of  spikelets  usually  form  distinct  inflorescences,  but  sometimes  they  occur 
in  different  parts  of  the  same  inflorescence :  the  lowest  glume  is  the  largest. 

Zea  Mais,  the  Maize  Plant,  cultivated  in  warm  countries,  is  a  native  of 
Tropical  America :  the  ^  spikelets  form  a  loose  panicle  at  the  apex  of  the 
haulm,  and  the  9  flowers  are  borne  laterally  on  a  thick  spadix,  which  is  en- 
sheathed  by  leaves.    Coix  belongs  to  this  tribe. 
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Tribe  3.  Andropogonea  :  flowers  monopoious  or  polygamous :  glumes  8,  of 
which  the  lowest  is  the  largest. 

Saccharum  OJicitiarum,  the  Sugar-cane,  is  a  native  of  the  East  Indies. 
Andropogon  Sorghum,  in  different  varieties  [vulgaris,  Durra,  etc.),  yields  a  kind 
of  Millet  seed :  the  flour  of  this  is  known  in  Arabia  and  India  as  Durra. 

Tribe  4.  Oryzea :  spikes  lateraUy  compressed :  glumes  2-4,  often  represented 
only  by  bristles:  stamens  generally  6.  Oryta  sativa  is  the  Bioe-plant,  from 
the  East  Indies ;  cultivated  in  marshy  regions  of  Southern  Europe.  Leertia 
oryzoidet,  the  Cut-Grass,  is  found  in  ditches  in  the  South  of  England, 

Series  B,  Pooide^  :  spikelet  one-  or  many-flowered,  with  distinct  internodes 
between  the  flowers:  when  one-flowered,  the  axis  of  the  spikelet  is  prolonged 

beyond  the  flower :  the  ripe  fruits 
fall,  leaving  the  glumes  behind. 

Tribe  5.  Phalaridea :  spike- 
lets  pedicillate  in  panicles,  h&ter- 
5  ally  compressed,  1  -  flowered  : 
glumes  4,  the  inner  pair  bein< 
smaller.  Phalari$  arundinacea, 
the  Beed-Grass,  is  common  on 
the  banks  of  streams,  etc.:  a 
variety  with  white-streaked  leaves 
is  cultivated  in  gardens.  Anthox- 
anthvm  odoratum,  Vernal-Grass, 
which  has  only  two  stamens  and 
a  paniculate  inflorescence,  is 
common  in  meadows :  it  gives 
the  peculiar  odour  to  fresh  hay. 
Tribe  6.  AgrosHdea:  spike- 
lets  l-flowered|  in  panicles: 
glumes  2. 

In  Agrostis,  the  Bent-Grass, 
the  axis  of  the  spikelet  is  gla- 
brous, or  it  bears  short  hairs  ;  A* 
vulgaris  and  alha  are  common  in 
meadows:  Apera  Spica  Venti  is 
common  in  fields :  in  Calama- 
grostis,  the  Small  Beed,  several 
species  of  which  occur  on  the 
banks  of  rivers  and  in  woods,  the 
axis  of  the  spikelet  is  covered  with  long  hairs.  Stipa  pennatay  the  Feather- 
Grass,  has  a  long  hairy  awn.  Milium  cffasum^  Millet- Grass,  without  an  awn, 
is  common  in  woods.  Amongst  the  forms  with  dense  cylindrical  panicles, 
Alopecurus,  the  Fox-tail  Grass,  has  the  glumes  coherent  at  the  base,  and  one 
rudimentary  palea.  Phleum,  the  Cat's-tail  Grass,  has  free  glumes  and  two 
distinct  palete.    Phleum  praUnse  is  commonly  known  as  Timothy-Grass. 

Tribe  7.  Avenea  :  the  paniculate,  or  rarely  spicate,  spikelets  consist  of  several 
(usually  two)  flowers  one  of  which  is  sometimes  <^  ;  the  glumes  (or  one  of  them 
at  least)  are  as  long  as  the  whole  spikelet,  longer  than  the  inferior  paleaB,  which 
usually  have  a  long  twisted  or  bent  awn. 


B 


Fig.  S66.—A  Panicle  of  Oat,  Avena  sativa :  i  main 
axis;  s' lateral  axes;  a  spikelet  (i  nat.  size).  B 
Spike  of  Wheat:  s  axis;  g  the  depressions  in 
which  the  spikelets  (o)  lie.  These  are  removed 
at  the  lower  part. 
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Arena,  the  Oat-Grass,  has  loose  panicles,  and  a  two-toothed  inferior  palea ;  of 
this  genus  there  are  many  species  ;  A.  fatua  (Wild  Oats,  or  Havers),  pratentu 
and  j>%h€scent^  are  common  in  cornfields  and  meadows.  The  following  species 
are  cultivated  :  A.  satioa^  the  Oat  (Fig.  356  A),  with  its  panicles  in  various 
planes ;  A,  orientaiUy  with  its  panicles  in  one  plane;  A.  ntrigom^  with  a  hairy 
floral  axis;  and  A,  nuda^  the  spikelets  of  which  usually  consist  of  three  flowers. 
TrUeium  (Avena)  Jlaveseens^  the  yellow  Oat-Grass,  with  a  free  fruit,  occurs  in 
pastures.  Aira  (Deschampsia)  easpitota^  Midjlextiosa^  Hair-Grasses,  have  truncate 
inferior  paleie,  and  are  common  in  meadows  and  woods.  Holcus,  the  Honey- 
Grass,  has  spikelets  consisting  of  two  flowers,  the  upper  of  which  is  usually  ^ , 
and  the  leaf-sheaths  are  covered  with  silky  hairs ;  it  is  common  in  damp  meadows. 
In  Arrhenatherum,  the  False  Oat-Grass,  the  lower  of  the  two  flowers  is  ^ . 

Tribe  8.  Festvcea :  the  spikelets  are  usually  many-flowered,  and  the  glumes 
shorter  than  the  inferior  paleie  which  either  have  no  awn  or  a  straight  terminal 
awn.  Melica,  the  Melic-Grass,  has  sometimes  spikelets  consisting  of  a  single 
flower  only :  the  glumes  are  long ;  it  is  common  in  woods.  MoUnia  carulea  has 
a  very  long  haulm,  consisting  for  the  most  part  of  a  single  intemode ;  its  spike- 
lets are  in  loose  purplish  panicles  ;  it  occurs  on  moors.  Brisa,  the  Quaking- 
Grass,  has  spikelets  which  are  compressed  laterally  and  are  cordate  at  the  base  ; 
it  is  common  in  meadows.  Koeleria  crUtata  has  dense  panicles  ;  it  is  common 
in  dry  meadows.  Dactylis  glomera*a^  the  Cock's-foot  Grass,  has  dense  panicles 
divided  into  parts  which  have  longer  stalks ;  it  is  common  in  meadows.  Poa 
pratemisy  trivialUjeic.  (Meadow- Grass), are  common  in  meadows;  their  spikelet» 
are  compressed  laterally ;  the  glumes  have  a  sharp  keel ;  P.  annua  is  common 
by  the  roadside.  Other  Meadow-Grasses  are  Glyceria  aquatic  i  and  Auitansy 
with  obtuse  unequal  glumes,  and  a  lower  palea  with  5-7  prominent  parallel 
veins,  growing  in  ditches  ;  and  SclUerocfdoa  maritiinay  di»tang,  etc.,  growing  in 
salt-marshes  and  by  the  sea-shore,  with  acute  unequal  glumes.  In  all  the 
Meadow-Grasses,  the  fruit  is  free  from  the  paleae.  Fettuca  elaUor^  and  others,  the 
Fescue  Grasses,  are  common  in  meadows.  Bromus,  the  Brome-Grass,  of  which 
there  are  several  species,  is  common  in  fields  (B.  secaUnu*),  in  meadows  {K. 
racemoiui  and  others),  by  the  roadside  (B.  sterilii  and  mollis).  Brachypodium, 
with  shortly-stalked  spikelets  in  a  simple  raceme,  and  unequal  glumes,  is  common 
in  woods  (B,  $ylra*icum)  and  on  heaths  (B.|)innatMm).  In  Phragmites  the 
axis  of  the  spikelet  is  covered  with  long  silky  hairs  ;  Phraimites  communis^  the 
Beed,  occurs  abundantly  in  marshes.  Sesleria  carulea,  the  Moor-Grass,  has 
laterally  compressed  spikelets  in  dense  panicles.  Gynerium,  the  Pampas- 
Grass,  also  belongs  here ;  it  is  dioecious.  The  upper  flowers  in  the  spikelets 
of  plants  belonging  to  this  tribe  are  often  unisexual,  and  i  ;  Phragmites  is 
peculiar  in  tha^  the  lower  flower  of  the  spikelet  is  S . 

Tribe  9.  CfUuridea :  spikelets  laterally  compressed,  usually  1-flowered,  sessile, 
in  compound  spikes  :  glumes  2.  Cynodon  Dactylon^  the  Dog's-tootb  Grass,  is 
often  abundant  on  waste  ground.     Spartina  stricta  occurs  in  salt-marshes. 

Tribe  10.  Hordea :  spikelets  solitary,  or  2  or  3  together,  1-  or  many-flowered, 
situated  in  depressions  on  the  main  floral  axis  nearly  always  in  two  opposite 
rows,  forming  the  so-called  spike:  glumes  1-2.  In  Lolium,  the  Rye-Grass 
(L.  perenne,  Darnel,  is  common  everywhere),  the  posterior  surface  (that  is,  the 
middle  line  of  the  posterior  glume)  is  directed  towards  the  main  axis,  and  this 
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glume  is  usually  rudinieutaiy.  In  all  tbe  other  genera  the  side  of  the  epikelet 
is  directed  towards  the  main  axis,  and  there  are  two  glumes.  In  Agopymm,  the 
palece  adhere  and  fall  ofif  with  the  fruit :  A,  rep*m,  the  Couch-Grass,  is  common 
eTerywhere,  and  is  a  tro<iblesome  weed  on  account  of  its  spreading  rhizome. 
Secale  ceredU^  the  Bye,  has  2  flowered  spikelets  and  narrow  awl-shaped  glumes. 
In  Nardui  stricta,  the  Mat-Grass,  the  two  rows  of  spikelets  converge  laterally ; 
the  glumes  are  rudimentary ;  there  is  but  one  stigma ;  the  leaves  and  haulms 
are  rough  ;  it  grows  on  moors.  Triticum.  the  Wheat,  has  8-  or  more  flowered 
ppikelets,  with  ovate  glumeo.  Three  species  are  cultivated,  T.  mon"coccum, 
T.  sativuirif  and  T,  pnlonicum ;  in  the  first  species  the  terminal  spikelet  is  abortive. 
The  following  varieties  of  T.  sativum  are  cultivated ;  T.  vulgare^  the  common 
Wheat,  with  long  glumes,  which  have  no  keel,  and  T.  turgidufity  English  Wheat, 
with  short  keeled  glumes ;  T.  compactuvij  the  Dwarf  Wheat,  with  short,  stout 
spikelets ;  and  T.  durum,  the  Hard  Wheat,  known  by  its  long  rigid  awns  ;  all 
these  varieties  have  a  wiry  floral  axis  (hence  sometimes  described  as  T.  sativum 
ttnix),  and  the  fruit  easily  falls  out  of  the  glumes,  and  in  all  but  T.  durumtheie 
are  awned  and  un-awned  (beardless)  forms :  T.  Spt  Ita,  the  Spelt,  which  has  an 
almost  qua<1rangular  spike,  and  T.  dicoccum,  with  a  compact  spike,  have  a  brittle 
floral  axis,  and  the  fruit  is  firmly  enclosed  by  the  glumes.  In  all  the  species 
the  length  of  the  awn  varies  very  much.  Hordeum,  the  Barley,  has  3  single- 
flowered  spikelets  inserted  together  in  one  depression  on  the  floral  axis.  H. 
murinum  is  common  on  the  roadside  and  on  walls.  The  following  varieties  of 
H,  sativum  are  cultivated :  H.  vulgare  and  H.  hexastichum,  with  only  fertile 
spikelets  ;  in  the  latter  species  the  spikelets  are  all  equally  distant,  and  are 
therefore  arranged  in  six  rows ;  in  the  former  species  the  median  spikelets  are 
nearer  together,  and  the  lateral  ones  more  distant,  so  that  they  are  described  as 
being  in  four  rows :  further,  H.  distichum  is  the  two-rowed  Barley,  the  lateral 
Fpikelets  of  which  are  ^ ,  so  that  the  fruits  are  arranged  in  two  rows.  The 
fruit  usually  adheres  to  tbe  palea ;  the  embryo  has  no  epiblast.  The  genus 
Elymus,  the  Lyme-Grass  (E,  arevarivsj  Britii-h)  belongs  to  this  tribe,  as  also 
Pariana,  a  tropical  genus  remarkable  for  its  numerous  stamens. 

Tribe  11.  Bambusea: :  spikelets  2-  or  many-flowered,  rarely  1-flowered,  in 
racemes  or  panicles,  clustered  at  the  nodes  of  the  branches  of  the  inflorescence : 
glumes  2  or  many,  becoming  larger  upwards,  but  shorter  than  the  nearest  palea 
(see  Fig.  853  A) :  stamens  generally  6.  Large  Grasses,  known  as  Bamboos, 
having  perennial  aerial  shoots  with  often  shortly  petiolate  leaves,  growing  mostly 
in  the  Tropics.     The  most  familiar  genera  are  Arundinaria  and  Bambusa. 

Order  2.  Cyperacej:.  The  leaves  are  arranged  in  three  rows 
on  the  stem  :  perianth  0,  or  of  3-6  or  more  bristles  or  scales  :  the 
androecium  consists  typically  of  two  trimerons  whorls,  though  one 
whorl  (the  inner)  is  absent  in  some  genera :  the  gynsBcenm  is 
typically  trimerons,  though  it  is  sometimes  dimerous :  ovary 
unilocular:  ovule  erect,  anatropous;  the  embryo  is  enclosed  in 
the  endosperm. 

Tribe  I.  Scirpoidea :  flowers  §  ;  perianth  0,  or  of  bristles :  glumes  dist'- 
chous :  the  odd  carpel  is  anterior.     The  spikelets  are  often  arranged  so  as  to 
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fonn  spikes,  panicles,  umbels,  or  capitula :  the  flower  has  the  formula 
KS,  C3,  J3+0or3,  G«>. 

Cjperus,  the  Galingale,  has  many-flowered  compressed  spikelets  with 
deoidaous  bracts  or  glumes :  Schoenus,  the  Bog-Bush,  has  few- flowered  (1-4) 
spikelets  with  persistent  glumes :  C  longus  and  fuscus,  and  S.  mprican*, 
occur  in  England.  Cyperus  Papyrus  {Papyrus  Antiquorum)  is  an  Eg^rptian 
species  from  which  the  Papyrus  of  the  ancients  was  made. 

Scirpus,  the  Club-Bush,  has  a  bristly  perianth,  cylindrical  spikelets,  and  the 
glumes  are  imbricate  on  all  sides  ;  in  some  species  the  spikelets  are  solitary, 
as  in  Scirpus  easpitosus,  in  others  there  are  lateral  spikelets,  in  addition,  on 
short  stalks,  as  in  S.  laciutris  (the  trne  Bulrush),  or  on  long  stalks,  as  in  S. 
sylvaticus,     Eriophorum  polystachiinn   and    other  species    (Ck)tton-gras8)  are 


Fi6. 367.—^  Flower  of  Scirpas  (magnifled): 
V  the  bristly  perianth ;  a  the  three  stamens ; 
/  the  ovary:  n  the  three  stigmata.  B  Its 
floral  diagram. 


Fig.  368.— Flower  of  Carex  (mag.). 
A  9  flower  with  (b)  bract  (glome);  s 
second  bract  (ntriculus) ;  /  ovary;  n 
stigma.  B  ^  flower  :  et  the  thiee 
stamens ;  a  anthers.  €  Diagram  of  the 
9  and  ( D)  of  the  S  flower :  r  axis  of  the 
spike ;  b  bract  (glume) ;  s  second  bract. 


common  on  boggy  moors  ;  the  hairs  of  the  perianth,  after  flowering,  grow  to  a 
considerable  length. 

Tribe  2.  CaricoicUne :  spikelets  cylindrical;  flowers  monosporangiate ; 
perianth  0. 

These  plants  have  diclinous  (sometimes  dioecious)  flowers.  In  the  genus 
Carex  the  <J  flowers  have  the  formula  KO,  CO,  ^43+0,  GO;  they  are  situated  in 
the  axils  of  bracts  (glumes)  (Fig.  858  B  and  D)  and  form  simple  spikes.  The  ? 
flowers  have  the  formula  A'O,  CO,  ^0+0,  O^^  or  (^  and  are  not  sessile  in  the 
axils  of  the  glumes  (b  in  Fig.  358  A  and  C),  but  a  short  branch  springs  from 
the  axil  of  each  of  these  leaves  bearing  a  second  bract  (s  in  the  Fig.)  and  it 
is  in  the  axil  of  this  second  bract  that  the  $  flower,  which  consists  of  a 
trimerous,  or  more  rarely,  dimerous  (in  Carex  dioica  and  pitlicariSf  etc.)  ovary, 
is  situated.  The  second  bract  increases  greatly  and  invests  the  fruit  (and  the 
short  branch  which  sometimes  projects  beyond  the  frnit  as  a  seta)^  forming  the 
so-called  tUriculus  :  this  structure  has  been  regarded  as  a  perianth,  and  termed 
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the  perigynium.  In  Kobresia  (Elyna)  the  second  braot  is  not  tabular,  and 
therefore  does  not  completely  invest  the  ovary.  In  consequence  of  there  being 
a  second  bract,  the  odd  carpel  of  the  trimerous  gynseceum  is  posterior :  when 
the  gynaeceum  is  dimerous,  the  two  carpels  are  lateral. 

The  genus  Carex,  the  Sedge,  contains  numerous  species  which  grow  mostly 
in  damp  localities ;  they  have  stiff  leaves  with  sharp  or  saw  like  edges.  Only  a 
few  of  them  are  dicecious  (C.  dioica^  scirpoidea) :  in  most  the  ^  and  ?  in- 
florescences occur  on  the  same  axis.  In  one  large  section  of  them  the  two 
kinds  of  flowers  occur  on  the  same  spike  which  is  either  ^  at  the  base  and  9 
at  the  top,  or  vice  vfrsd.  When  this  is  the  case  the  axis  bears  either  only  one 
terminal  spike,  as  in  Carex  pulicarU  and  C.  paucifioroy  or  several  spikes 
forming  a  capitulum  at  the  ai)ex,  as  in  C  cyperoidesj  or  a  spike  or  a  panicle, 
as  in  C.  muricata,  arenaria^  and  paniculata.  In  a  second  section,  on  the  other 
hand,  each  spike  is  monosporangiate,  and  then  the  ^  spike  is  almost  always 
terminal  on  the  axis  and  the  $  lateral,  as  in  Carex  acuta^  glauca,  pracox^ 
digitatajjlava,  a.nd  paludoxa. 

Cohort  2.  Restiales.  Ovary  usaally  mnltilocular ;  a  single 
orthotropons  and  suspended  ovulo  in  each  locnlas ;  hence  in  the 
seed  the  radicle  of  the  embryo  is  directed  away  from  the  hilnm 
(enantiohlastic) .  Flowers  monosporangiate,  rarely  ambisporangiat^ 
with  bracts  :  floral  formula  KS,  03,  -43  +  3,  0(S),  but  occasionally 
some  of  the  members  are  wanting. 

Order  1.  ERiocAULONACEiE.  Flowers  monosporangiate,  in 
capitula,  often  monoecious  in  the  same  capitulum,  or  rarely 
dioecious :  stamens  generally  in  two  whorls,  anthers  genei*ally 
bilocular :  ovary  2-3-locular  :  seed  ribbed. 

Eriocaulon  septangular e^  the  Jointed  Pipewort,  occurs  in  the  Hebrides  and 
on  the  west  coast  of  Ireland  :  other  genera  mostly  tropical :  generally  marsh- 
plants. 

Order  2.  Restiacej:.  Flowers  usually  dioecious  by  suppression, 
in  spikes :  only  the  inner  whorl  of  stamens  is  present,  anthers 
generally  bilocular  :  ovary  1-3-locular :  seed  smooth  or  tubercu- 
late. 

These  are  grass-like  sub-tropical  plants  living  in  the  southern  hemisphere. 
This  order  includes  the  group  Centrolepidaceae  (Desvauxiacefle,  LindL) ;  in  these 
the  perianth  is  much  reduced,  the  S  flower  probably  has  only  one  stamen,  and 
the  $  one  or  more  monomerous  ovaries. 
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Sub-Class  III.     PETALOIDE^. 

Flowers  ambisporangiate,  rarely  monosporangiate ;  perianth 
rarely  wanting,  usually  biseriate,  the  corolla  usually  petaloid,  and 
sometimes  the  calyx  also. 

SERIES  I.    HYPOGYN^. 

Ovary  superior. 

Sub'Series,     Apocarpce, 

Gyneeceum  more  or  less  completely  apocarpous. 

Cohort  1.  Alismales.  Marsh-  or  water-plants  ;  flowers  fre- 
quently monosporangiate  ;  seeds  without  endosperm. 

Order  1 .  Naiadackjc.  Perianth  0,  or  of  2-4  segments ;  stamens 
1-4  :  ovaries  1—4,  with  usually  a  single  erect  or  suspended  ovule. 
Water-plants. 

Fam.  1.    Naiadetg.     Flowers  monosporangiate. 

In  the  genias  Naias  the  flowers  are  solitary  or  in  spikes,  and  are  dioecioun  : 
perianth  of  one  or  two  gamophyllous  series :  <J  flowers  with  1  stamen,  9  flowers 
with  1  carpel :  oynle  erect.    N.  flexilis  is  the  only  British  species. 

Fam.  2.    Zotterea,    Flowers  monosporangiate. 

In  Zostera,  the  Grass- wrack,  the  flowers  are  moncecious,  and  without  a 
perianth ;  they  are  home  in  two  rows  on  one  side  of  a  flattened  spike ;  stamen 
1,  carpel  1.  Zo$tera  marina  and  naTia  are  the  British  species  living  in  the 
brackish  water  of  estuaries.  Phyllospadix,  a  North  American  (west-coast)  genus, 
alno  belongs  to  this  family  :  it  is  dioecious. 

Fam.  8.     Zanmchelliece.    Flowers  monosporangiate. 

In  Zannichellia,  the  Horned  Pondweed,  the  monosporangiate  flowers  are 
monoecious,  and  are  solitary  or  in  spikes :  ^  flower,  perianth  0,  stamen  1 ;  ^ 
flower,  perianth  bell-shaped,  carpels  4-6.  Z.palaHris  is  the  only  British  species. 
Althenia,  the  other  genus,  is  sometimes  dioecious. 

Fam.  4.  Cymodocea,  Marine.  Flowers  monosporangiate,  dioecious :  perianth 
0  :  ^  flower  consists  of  two  connate  stamens ;  2  flower  of  two  adjacent  mono- 
merous  ovaries,  each  bearing  a  style  which  branches  into  two  stigmata ;  ovule 
single,  suspended,  orthotropous. 

To  this  family  belongs  the  genus  Cymodocea  (with  the  sub-genera  Phu- 
cagrostis,  Physoschoenus,  and  Amphibolis) ;  widely  distributed  on  tropical  and 
sub-tropical  sea-coasts. 

Fam.  5.  PosidonUa,  Marine.  Flowers  monosporangiate,  sometimes  $  ,  in 
cylindrical  compound  spikes,  the  upper  flowers  of  which  are  ^  :  perianth  0 :  the 
S  flower  consists  of  3  stamens,  the  $  flower  of  a  single  carpel. 

To  this  family  belongs  the  single  genus  Posidonia  ;  P.  oceanica  inhabits  the 
shores  of  the  Mediterranean.  P.  atistrali$  the  shores  of  temperate  Australia.  In 
Zostera,  Posidonia,  and  Cymodocea,  the  pollen  is  filiform  or  confervoid  (eee  p.  520). 

Fam.  6.    Potamogetonea,    Flowers  $  . 
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In  Potamogeton,  thn  Pond  weed,  the  flowers  are  in  spikes  :  general  formula 
PO,  A2+A2^  Gxi:  the  extrorse  stamens  have  a  broad  leafy  oonnective. 
This  genus  is  represented  in  Britain  by  many  species  :  in  some  (P.  pusilltu) 
the  stem  bears  only  submerged  leaves  which  are  narrow  and  linear ;  in  others 
the  leaves  are  somewhat  broader  (P.  densw),  and  in  others  again  it  bears  a  few 
broad  leaves  which  float  on  the  water  (P.  natans). 

In  Buppia,  the  Tassel  Pondweed,  the  flowers  are  generally  two  on  a  spike; 
formula  PC,  A2,  G4.     Ji.  viaritima  is  the  British  species. 

Fam.  7.  Aponoffetnnea.  Flowers  §  ,  in  spikes:  perianth  of  2  or  3 petaloid leaves: 
general  floral  formula  P2-3,  ^6,  G3,  but  sometimes  (as  in  Apovogehmdistaehyus) 
there  may  be  six  stumens  and  many  carpels :  ovales  marginal,  anatropous,  either 
numerous,  or  as  few  as  tbree. 

This  family  includes  the  single  genus  Aponogeton,  an  aquatic  plant  inhabiting 
tbe  tropical  and  temperate  regions  of  Asia,  Africa,  and  Australia. 

A.  (Ouviranira)  fenestralit  is  remarkable  for  tbe  peculiar  structure  of  its 
leaves  (see  p.  55). 

Order  2.  Juncaginacej:,  Flowers  sometimes  dioecious ;  both 
perianth- whorl 8  are  sepaloid  and  inconspicuous  ;  anthers  extrorse; 
carpels  sometimes  coherent ;  the  outer  whorl  of  carpels  is  occasion- 
ally abortive ;  ovules  1-2,  anatropous,  embryo  straight. 

Trifjlochin  palustre^  the  Arrow-Grass,  is  common  in  marshes  and  on  the 
margin  of  pools :  carpels  coherent  till  mature.  The  flowers  are  disposed  spirally 
in  a  long  loose  spike  without  bracts.  Scheuchzeria  palu»tri$  is  rarer ;  it  occurs 
in  bogs;  the  flowers  are  set  in  the  axils  of  distichous  bracts :  carpels  free.  The 
other  genera  are,  Tetroncium,  from  the  Straits  of  Magellan,  with  dioecious 
flowers  ;  and  Lilasa,  from  the  mountains  of  North  and  South  America,  which  is 
polygamous,  having  <J  ,  ?  ,  and  ^  flowers. 


Fig.  359.— Diagram  of  the  Flower  of  Pie.  380.— Floral  diagrams.    A  of 

TriKlochin.  Batomus.    B  Of  AlUma. 

Order  3.  Alismaceje.  Flowers  sometimes  monoecious ;  floral 
formula  Jl3,  03,  ^3^  +  0  or  3,  or  oo,  (t3  +  3  or  oo  :  perianth  heteix)- 
chlamydeous  ;  the  sepals  are  often  coherent  at  the  base  ;  the  petals 
are  white  or  violet ;  anthers  extrorse  or  introrse  ;  carpels  sometimes 
partially  coherent ;  ovules  1-3,  campylotropous,  embryo  curved. 

AlUma  Plantago  (Water  Plantain,  Fig.  860  B),  has  the  floral  formula  KB,  CS, 
i43^  +  0,  GQ  or  more ;   the  numerous,  monomerous,  one-seeded  ovaries  are 
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crowded  on  the  broad  receptacle.  The  main  axis  of  the  inflorescence  bears 
whorls  of  branches  which  have  a  helicoid  ramification.  It  is  rather  common  in 
damp  spots.  Damasonium  ttellatum,  the  Star-fruit,  is  found  in  ditches  in  the 
South  of  England  :  it  has  two-seeded  ovaries. 

Sagiitaria  sagittafolia,  the  Arrowhead,  has  monoecious  flowers  with  the 
formula /^3,  C3,  <J  ^  oo,  ?  GJ^.  The  flowers  are  disposed  in  trimerons  whorls, 
the  6  in  the  upper  and  the  $  in  the  lower  whorls.  The  anthers  are  extrorse. 
The  ovaries,  which  are  very  numerous  and  one-seeded,  are  inserted  on  a  fleshy 
receptacle.  Only  the  sagittate  leaves  and  the  inflorescence  appear  above  the 
water. 

Order  4.  Butomaceje.  Flo wei*s  never  monosporangiate;  general 
floral  formula  the  same  as  in  Alismacefe;  anthers  introrse  ;  carpels 
distinct ;  ovules  numerous,  with  superficial  placentation  ;  embryo 
straight  or  curved. 

Butnmui  umbellatiu  is 
the  Flowering  Rush  (Figs. 
Sm  A,  361).  The  flowers, 
which  liave  violet  petals, 
have  the  following  for- 
mula:  A'a,  03,  i43«  +  3, 
G'lt^;  they  are  arranged 
in  an  umbellate  helicoid 
cyme  at  the  apex  of  the 
scape,  which  is  about  3 
feet  high ;  this  and  the 
leaves,  which  are  of  about 
the  same  length,  spring 
from  an  underground  rhi- 
zome.   The  ovules,  which 

are  numerous,  are  borne  ^ 

on    the    inner    surface    of  Fio.  361.— Batomus  umhellalu»,    A  Flower  (nat.  size), 

the  carpels  (Fig.  338  C)  :  -B  Gjnaeccum  (maK.) ;  n  stigmata.  I  Diagram :  p  p 
the  embryo  is  straight.  perianth;  /stamens  of  the  outer  whorl  duplicate:   /' 

™,  ,i_  ,,        stamens  of  the  inner  whorl;  c  outer,  and  c' inner  whorl 

The    other    genera   all        ,  i      /»*.     «    v   x 

^  of  carpels.    (After  Sachs.) 

have  a  curved  embryo  :  in 

Tenagocharis  (Butomopsis)  there  are  nine  stamens  and  six  carpels:  in  Hydro- 

cleis  there  are  indefinite  stamens  (some  sterile)  and  six  carpels  :  in  Limnochari-t 

both  the  stamens  (some  starile)  and  carpels  are  indefinite. 

Suh-series.     SyncarpcE. 

Gynaeceum  syncarpous. 

Cohort  1.  Commelynales.  Perianth  heteroclilam jdeous ; 
seeds  with  starchy  endosperm. 

Order  1.     Xyridace^.      Herbaceous    sedge-like    plants ;    floral 
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formula  KS,  CS,  ^43  +  0,  (?'**;  anthers  extrorse ;  ovary  usually 
unilocular,  with  parietal  placentation. 

These  plants  (Xyris,  Abolboda)  inhabit  swamps  in  tropical  or  sab-tropical 
regions. 

Order  2.  Commelynacej).  Herbaceous  plants;  general  floral 
formula  KS,  C3,  ^3  +  3,  (?— ,  but  the  number  of  stamens  varies  in 
the  genera  ;  anthers  usually  introrse  ;  ovary  usually  trilocular. 

These  are  mostly  tropical  plants.  Species  of  Gommelyna  and  Tradescantia 
are  cultivated  as  ornamental  plants. 

Cohort  2.  Liliales.  Perianth  homochlamydeous,  usually 
petaloid;  seeds  with  endosperm;  general  floral  formula  KS,  C3, 
^3  +  3,  G^^\ 

Order  1.     Liliacej:.      The  flowers   conform  generally  to  the 

above  formula,  but  3  is  replaced  sometimes  by  2  or  4:  they  are 

not   zygomorphic :  endosperm   oily ;  fruit  a  capsule  or  a  berry. 

Mostly  rhizomatous   or  bulbous   plants : 

rarely  trees  or  shrubs. 

Sub-order  1.  LiLioiDEiE,  with  a  locnlicidal  cap- 
sule, introrse  anthers,  and  united  styles.  Bulbous 
plants. 

The    family   TuHpea    includes    the    following 
genera :  Lilium,  Fritillaria,  Tulipa,  Erythronium, 
Lloydia,  Calochortus  (with  septicidal  capsule). 
Fig.  362.  -  Flower  of  the  ^^^  species  are  cultivated.     Lilium  canHidum 

Hyacinth  :  a  a  a  the  three  ^  *^®  ^^^^  ^^^^y  i  ^-  bulbiferum,  producing  bulbils 
outer;  ii  the  three  inner  in  the  axils  of  the  upper  leaves;  L.  Martogov^ 
segments  of  the  perianth,  the  Turk's  Cap  Lily  ;  L.  tigrinum,  the  Tiger-Lily  ; 
which  is  tuhnlar  at  the  lower  ^  ^peciosum,  avratum,  etc.  FritiUana  imperiaUs 
part  (nat.  size).  .      ;      ^  ,  .  ,     ,       «  .     ,  .  , 

is  the  Crown  Imperial,  the  flowers  of  which  are 

surmounted  by  a  crown  of  leaves.  Tulipa  Gesneriana  is  the  Tulip.  Erythron- 
ium Dens'Canis  is  the  Dog- Tooth  Violet.  Calochortus  is  the  Mariposa  Lily  of 
California.  The  following  occur  wild  in  Britain:  Lilium  Martagon;  Tulipa 
sylveslris,  wild  Yellow  Tulip  ;  Fritillaria  Meleagrii,  the  Snake's  Head ;  Lloydia 
serotina. 

The  Scilltcc  includes  the  following  genera  amongst  others :  Galtonia, 
Hyacinthus,  Muscari,  Chionodoxa,  Lachenalia,  etc.,  in  which  the  seg- 
ments of  the  perianth  cohere  more  or  less  (Fig.  362);  Scilla,  Camassia, 
Ornithogalum,  etc.,  with  free  perianth-leaves.  The  following  occur  wild  in 
Britain :  Hyacinthui  non^teriptus,  the  Blue  Bell ;  Muscari  ra^emosum,  the 
Grape-Hyacinth ;  Scilla  verna  and  autumnalit ;  Ornithogalum  nutans,  the  Star 
of  Bethlehem. 

Sub-order  2.     Melakthioide^  or  Colcbicoide^,  with  a   usually  septicidal 
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capsule,  usually  extrorse  anthers,  and  separate  styles.  Mostly  rhizomatous 
plants. 

Not  mtny  genera  are  common  in  cultivation ;  among  these  Gloriosa,  Uvularia, 
and  Yeratrum  may  be  mentioned ;  Veratrun  album  and  nigrum  have  broad 
ovate  leaves. 

Tofieldia  paluttris,  the  Scottish  Asphodel,  has  ensiform  radical  leaves ;  the 
flowers,  which  are  pale  green,  are  disposed  in  a  raceme  on  a  scape ;  it  occurs 


Fig.  363. — The  ander^roand  part  of  a  flowering  plant  of  Colchicum  autumnal*.  A  Seen 
in  front ;  k  the  corm  ;  •'  «^  catnphyllaiy  leaves  embracing  the  flower-stalk ;  reh  its  base, 
from  which  proceed  the  roots,  tc.  B  Lonafitudinal  seciion  :  h  H  a  brown  membrane  which 
envelops  all  the  underground  parts  of  the  plant;  »t  the  flower  and  leaf-stalk  of  the 
previous  year  which  has  died  down,  its  swollen  basal  portion  (k)  only  remaining  as  a 
reservoir  of  food-materials  for  the  new  plant  now  in  flower.  The  new  plant  is  a  lateral 
shoot  from  the  base  of  the  corm  (fc),  consisting:  of  the  axis,  from  the  base  of  which  proceed 
the  roots  (te),  and  the  middle  part  of  which  (fc')  swells  up  in  the  next  year  into  a  corm,  the 
old  corm  (k)  disappearing  ;  the  axis  bears  the  sheath-leaves  (•  b'  t")  and  the  foliage-leaves 
[V  I")  ;  the  flowers  (b  h')  are  placed  in  the  axils  of  the  uj^permost  foliage-leaves,  the  axis 
itself  terminating  amongst  the  flowers.    (After  Bacbs.) 
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in  Scotland,  in  wet  places  on  moantains,  but  it  is  rare.  Nartheciumossifragum. 
the  Bog. Asphodel,  somewhat  resembles  Tofieldia,  bnt  the  flowers  are  yellow 
and  the  capsule  is  loculicidal;  common  in  Scotland  and  in  the  north  of 
England. 

The  Colchic^a  are  bulbous  plants  and  have  introrse  anthers.  Colchieum 
autumnale  is  the  Autumn  Crocus  or  Meadow  SafiFron ;  when  it  is  flowering  in 
the  autumn,  the  stem  is  underground;  it  is  at  this  time  short  and  slender 
(Fig.  363  k'),  attached  laterally  to  the  corm  of  the  previous  year*s  growth  (fc), 
and  bears  a  few  imperfectly  developed  leaves  (V  I")  as  well  as  one  or  two  flowers 
{b'  b') :  the  ovaries  of  the  flowers  are  also  subterranean  ;  the  six  leaves  of  the 
perianth  cohere  and  form  a  tube  of  some  centimetres  in  leugth,  which  grows 
far  beyond  the  ovaries  and  above  the  surface  of  tbe  soil,  terminating  in  a 
petaloid  six  partite  limb ;  the  stamens  are  attached  in  the  upper  portion  of 
the  tube.  In  the  spring  the  underground  stem  swells  at  its  base  (Ar)  into  a 
corm,  and  grows  upwards,  so  that  the  developing  leaves  {V  i'*)  and  the  capsule 
rise  above  ground ;  a  lateral  shoot  is  formed  at  its  base,  which,  in  the  autumn, 
produces  flowers,  and  this  repeats  the  process. 

Sub-order  8.  Ahpbod^loideje  ;  rhizomatous  plants,  with  usually  radical 
leaves,  but  the  leaves  are  sometimes  borne  on  an  aerial  rarely  branched  stem ; 
inflorescence  usually  a  terminal  spike  or  raceme:  perianth -leaves  free  or 
connate ;  anthers  introrse  ;  fruit  capsular. 

Asphodelus,  Eremurus,  Antbericnm,  Chlorophytum,  Bowiea.  Hemerocallis, 
Phormium  {Fhormiam  tenax  is  the  New  Zealand  Flax),  Kniphofia,  Aloe, 
Gasteria,  and  Xanthorhaea  are  cultivated.  The  only  British  species  is  SimethU 
bicolor  in  tbe  south  of  England. 

Sub-order  4.  AllioidevE ;  generally  bulbous  plants:  inflorescence  umbellate, 
more  or  less  completely  enclosed  by  two  or  more  bracts. 

Agapanthus,  Nothoscordum,  Milla,  Broditea,  and  Allium  are  the  more  com- 
monly cultivated  genera.  Of  Allium,  several  species  are  in  cultivation  for 
culinary  purposes,  as  A.  Cepuj  the  Onion;  A,  cuealonicum^  the  Shalot ;  A 
Schoejioprasunij  Chives;  A.  Porrum,  the  common  Leek;  A.  sativum  (vulgare)^ 
Garlic.  Some  species  (Wild  Garlic)  are  wild  in  Britain,  such  as  A.  oleraeeum^ 
vineaUj  ursinunit  and  triquetrum  in  Guernsey.  The  leaves  of  the  various 
species  of  Allium  are  generally  tubular  and  hollow ;  the  flowers  are  disposed 
in  spherical  heads  or  umbels  ;  bulbils  are  occasionally  produced  among  the 
flowers.     Gapea  lutea  is  also  British. 

Sub-order  5.  Drac^noide^,  stem  erect,  usually  arborescent,  with  secondary 
growth  in  thickness  (see  p.  205). 

Species  of  Yucca  are  commonly  cultivated  in  gardens ;  Cordyline  and  Dasy- 
lirion  in  greenhouses.  Dracana  Draco  is  the  Dragon's  Tree  of  the  Canary 
Islands,  yielding  a  red  gum-resin  (Dragon's-blood). 

Sub-order  G.  AsPARAaoiDE.£,  with  a  subterranean  rhizome  bearing  aerial 
leafy  Btems  :  fruit  baccate. 

Asvaruiius  ojjicinalii  is  the  Asparagus  ;  the  young  shoots,  which  spring  from 
the  un(^grouud  rhizome,  are  eaten.  Convallaria  mojalis  is  the  Lily  of  the 
Valley.  Maianthemum  bij'olium  has  a  dimerous  floi^er.  Polygonatum  is 
Solomon's  Seal.  liusctts  acuUatus  (the  Butcher's  Broom),  and  other  species, 
are  small  shrubs,  with  leaf- like  branches  (phyllodades,  see  p.  45),  on  which 
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the  diclinouB  flowers  are  borne  in  the  axils  of  minute  leaves.  Paris  quadri/olia 
(Herb  Paris)  is  poisonous :  the  flowers  are  tetramerous,  or  exceptionally  tri- 
merous  or  pentamerous  :  they  are  terminal,  and  the  stem  beneath  bears  four 
(or  three  or  five)  leaves  in  a  whorl  beneath  the  flower  (Fig.  364) ;  the  venation 
of  the  leaves  is  reticulate.  Trillium,  the  Wood  Lily,  is  frequently  cultivated. 
Aspidistra  lurida  is  the  Parlour  Palm. 

Maianthemum  hifolium,  Paris  quadrifolia^  Ruscus  aculeattu,  Convallaria 
majalisy  Polygonatum  verticillatuni,  mtUtiJlorum,  and  officinale,  are  wild  in 
England. 

Sub-order  7.    Smilacoide.e,  scrambling  shrubs,  having  8-5  ribbed  leaves  with 
reticulate  venation.  The  roots  of  speciej 
of  Smilax  constitute  Sarsaparilla. 

The  other  sub-orders  are :  Ophiopo- 
ooNoiDEJB,  of  which  Ophiopogon  and 
Sansevieria  are  the  more  familiar 
genera:  ALETBOiDEis,  Aletris  (Star- 
Grass)  cultivated  in  gardens:  Luzu- 
BIAG0IDE2,  Lapageria  cultivated  in 
greenhouses. 

Order  2.  Jcncacej:.  Floral 
formula,  KS,  C3,  ^13  +  3,  G^i). 
Plants  of  a  grass-like  aspect; 
they  differ  from  the  preceding 
order  in  the  dry  and  glumaceous 
character  of  the  perianth,  and 
in  the  starchy  endosperm.  The 
leaves  are  linear  or  tubular ; 
the  inflorescence  is  an  anthela  (see  p.  493). 


Fib.  3&i.— Diagram  of  the  flower  of  Part* 
quadrxfoliai  I  the  foliage-leaves;  ap  the 
outer ;  tp  the  inner  whorl  of  the  perianth ; 
aa  outer;  ta  inner  whorl  of  stamens. 
(After  Sachs.) 


The  species  of  Luzula,  which  has  a  unilocular  three-seeded  ovary,  muWflora, 
pilosa,  campestris,  and  sylvatica,  are  common  in  woods  and  on  heaths.  Juncus 
has  a  trilocular  many-seeded  ovary ;  plants  of  this  genus  are  called  Bushes ; 
J.  glaucus  and  effasus  have  a  tubular  stem  and  leaves,  and  a  terminal  in- 
florescence which  is  displaced  laterally  by  a  tubular  bract  which  appears  to  be 
a  prolongation  of  the  stem ;  they  are  common  in  wet  fields ;  J.  buj'onius,  by 
WBysides. 

Order  3.  Pontederiacej:.  Water-plants  of  tropical  America, 
witli  an  irregular  zygomorphic  petaloid  perianth  :  in  other  respects 
they  resemble  the  LiliaceaD. 

The  commoner  genera  are  Pontederia  and  Eichhomia :  Eichhomia  azurea 
and  crassipes  are  frequently  cultivated  as  hot-house  aquatics. 


V.  S.  B, 


0  0 


Digitized  by 


Google 


560  PART    III. — THE   CLASSinCATlON   OF   PLANTS. 

SERIES  n.    EPIGYN^. 

Ovarj  infenor. 

Cohort  1.  Hydrales.  Order  1.  Hydrocharidace^.  The  in- 
florescence is  at  first  enclosed  in  a  spathe  formed  of  a  single  bract, 
or  more  commonly  of  two  connate  bracts.  The  flowers  have  a 
perianth,  the  inner  whorl  being  petaloid,  and  nsaallj  conform  to 
the  monocotjledonons  tjpe,  bnt  with  pleiotaxy  in  the  andns- 
cinm  and  gyneecenm ;  formula  X3,  C3,  J3  +  3  + ,  G  (j+zx  The 
flowers  are  nsaallj  monosporangiate  and  dioecioas  ;  the  $  flowers 
have  st^minodia ;  the  ^  flowers  have  no  gynsaceam  bnt  an  in- 
creased number  of  whorls  in  the  androecium.  Seeds  generally 
numerous  ;  without  endosperm.     Water-plants. 

Fam.  1.  HydrilUa.  Ovaiy  unilocular.  Stem  elongated,  with  whorls  of 
small  leaves. 

Elodea  (AnachariM)  canadentis  oame  originally  from  North  Amerioa  and  has 
jipread  in  oar  waters  so  as  even  to  impede  navigation  in  canals. 

Fam.  2.     Vallisneriete.    Ovary  unilocular.    Stem  short,  with  crowded  leaves. 

Vallisneria  $piraU$  inhabits  the  lakes  and  ditches  of  the  warmer  parts  of 
Europe.  The  leaves  are  long,  narrow,  and  linear.  The  9  flowers  are  raised 
above  water  on  long  peduncles ;  the  S  inflorescences  break  away  from  their 
peduncles  and  float  about  on  the  water  to  fertilise  the  $  flowers ;  the  fruit 
ripens  under  water. 

Fam.  3.    UcUophiUa,    Perianth  of  outer  whorl  only  ;  ovary  unilocular. 

Submerged  marine  plants,  forming  the  single  genus  Halophila. 

Fam.  4.  Stratiotea.  Ovary  6-  (or  more)  chambered.  Stem  short,  with 
crowded  leaves. 

Stratiotes  aloide$  (Water- Soldier)  has  stifif  narrov  leaves.  HydroeharU 
Manui  Rana  is  the  Frog*s  Bit ;  the  plant  is  small  and  floats  on  the  water, 
with  small  roundly-cordate  leaves. 

Cohort  2.  Dioscoreales.  Flowers  regular  :  floral  formula  £3, 
C3,  AS  +  Sf  O  ^:  fruit  a  berry  or  a  capsule  :  endosperm  oily. 

Order  1.  Dioscoreacejc.  The  ovary  is  trilocnlar,  with  one  or 
two  ovules  in  each  locnlus :  the  flowers  are  monosporangiate  and 
dioecious.  They  are  climbing  plants,  with  twining  stems,  having 
large  above-  or  under-ground  tubers,  and  usually  triangular 
leaves  with  reticulate  venation. 

Dioscorea  saiivay  Batata$  and  others,  known  as  Yams,  are  largely  cultivated 
in  the  tropics,  their  tuberous  roots  yielding  a  food  rich  in  starch.  Tamui 
communis^  the  Black  Bryony,  is  common  in  England. 

Order  2.     Taccace*.     The  ovary  is  unilocular  and  many-seeded. 
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The  flowers  are  5  •    They  are  tropical  herbs,  and  the  leaves  which 
spring  from  the  subterranean  rhizome  have  reticulate  venation. 

Order  3.  Bromeliace^.  Z3,  03,  AS  +  S,  O  (3).  The  ovary  is 
superior,  inferior,  or  semi-inferior,  trilocnlar,  with  many  seeds. 
Perianth  heterochlamydeous.  The  leaves  are  usually  long  and 
narrow,  sharply  serrate ;  the  stem  is  generally  very  short.  The 
flowers  are  $ ,  and  form  spikes  or  panicles  with  bracts. 

Ajianai  sativa  is  the  Pine-apple.  The  fruit  is  a  berry,  and  the  berries  of 
each  infloresoenoe  coalesce  into 
a  spurious  fruit  (sorosis),  above 
which  the  axis  of  the  infloreficenoe 
extends  and  bears  a  crown  of  leaves 
(Fig.  365 ;  see  p.  528).  In  a  state 
of  cultivation  the  berries  contain 
no  seeds.  It  is  a  native  of  America, 
and  is  cultivated  in  all  warm  coun- 
tries and  in  hot-houses. 

Cohort  3.  Amomales 
(Scitamineae).  The  flowers 
are  irregular,  zygomorphic  or 
asymmetrical :  general  for- 
mula, >!<  KS,  C3,  AS  +3,  Ghs», 
occasionally  with  a  great 
reduction  in  the  androecinm. 
Perianth  wholly  petaloid,  or 
the  calyx  may  be  sepaloid : 
ovary  usually  trilocnlar. 
Fruit,  a  capsule  or  a  berry. 
Usually  no  endosperm,  but 
abundant  perisperm.  They 
are    tall   herbaceous  plants; 

the  leaves  are  large  and  have       r...3e5._F„uof  th.pine-»ppie  («dno«i). 
pinnate  venation. 

Order  1.  Mdsacejb.  ^  Z3,  C3,  AS  +  2f  I  or  0,  0^,  Flower 
dorsiventral ;  the  anterior  external  member  of  the  petaloid  perianth 
is  usually  very  large,  and  the  posterior  always  very  small.  In  the 
family  Museae  the  odd  sepal  is  anterior  ;  the  sepals  are  usually  free, 
as  are  also  the  petals  in  Ravenala ;  but  in  Strelitzia  the  two  lateral 
petals  are  connate,  and  in  Musa  the  five  anterior  members  of  the 
perianth  are  connate,  forming  a  tube  which  is  open  posteriorly  : 
the  posterior  stamen  is  sterile  or  absent,  and  the  others  are  not 
always  fertile.     The  flower  of  the  family  HeliconieaB  differs  from 
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this  type  in  that  the  odd  sepal  is  posterior,  and  the  abortive 
posterior  stamen  belongs  to  the  onter  whorl.  Seeds,  one  (Heli- 
conia),  or  many,  in  each  localns,  withoat  endosperm.  They  are 
all  shrabs  of  colossal  growth,  with  enormonsly  long  leaves :  the 
flowers  are  nsnally  arranged  in  spicate  inflorescences  in  the  axils 
of  large  and  often  coloured  bracts ;  sometimes  several  flowers 
spring  from  the  axil  of  one  bract. 

Miua  paradisiaca  (Plantain),  M,  SapUntum  (Banana),  and  M.  Emete  are 
natives  of  the  tropics  of  the  Old  World ;  the  two  former  are  now  distribnied 
throughout  America  and  applied  to  a  great  variety  of  purposes  ;  the  fruit,  which 
id  of  the  nature  of  a  berry,  is  an  article  of  food,  and  the  vascular  bundles  are 
Qsed  for  making  textile  fabrics.  The  other  genera  are  Bavenala,  Strelitzia 
Heliconia. 


Pi  Q.  366.— Diagram  of  flower  of  Masa.     Fio.  367.— Diagrams  of  the  two  types  of  flower  in 

tLe  Zingiberaoeae.  A  Hedychium.  B  Alpinia. 

Order  2.  ZiNGiBEBACEiE.  ^  KSy  CS,  A  f  2  or  0  +  1  t  2,  G>. 
Flower  dorsiventi*al :  calyx  sometimes  petaloid.  Of  the  inner 
whorl  of  stamens  the  posterior  alone  bears  a  perfect  anther,  the 
other  two  being  transformed  into  a  nsnally  petaloid  body,  the 
labellum.  The  onter  whorl  of  stamens  is  absent,  or  but  slightly 
indicated,  in  the  Zingibereae  (Fig.  367  B);  but  is  represented  in 
the  HedychieeB  and  GlobbesB  by  two  postero- lateral  petaloid 
staminodes  (Fig.  367  A).  There  is  a  small  amonnt  of  endosperm 
in  the  seed,  in  a  depression  in  the  perisperm. 

.The  commoner  genera  are  Curcuma,  Hedychinm ;  Zingiber,  AJpinia ;  Glohba, 
having  a  unilocular  ovary  with  three  parietal  placentae. 

The  starch  which  is  prepared  from  the  rhizome  of  Curcuma  angusHfolia  and 
leucorrhiza  is  known  in  commerce  as  East  Indian  arrowroot:  Turmeric  is 
obtained  from  the  rhizome  of  C  longa.  Cardamoms  are  the  fruits  of  EUtteria 
Cardamomiim,  The  dried  rhizomes  of  Zingiber  officinale  are  the  common 
ginger. 

Order  3.  Marantaceje  or  Cannace^.  Z3,  03,  -40  +  1  t  1,  0,  or 
-4  t  2,  0  +  1  t  2,  G;^.  Flower  asymmetric:  calyx  not  petaloid. 
The  androecium  is  represented  by  a  nnmber  of  petaloid  bodies,  of 
which  one  only,  the  posterior  stamen  of  the  inner  whorl,  bears 
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a  bilocular  anther  (Fig.  368  st,  an)  ;  of  the  staminodia  one  is 
larger  than  the  others,  and  is  reflexed,  forming  a  labellum  (Fig. 
368  /)  ;  the  narrow  ones  vary  in 
number  in  the  different  species 
(Fig.  368  a  and)3)  :  seed  without 
endosperm  ;  seeds  numerous  in 
Canna,  single  in  each  loculus 
in  the  other  genera. 

Canna  indica  and  other  species  are 
commonly  grown  as  ornamental 
plants. 

Amylam  Marants,  the  starchy  meal 
prepared  from  the  rhizome  of  Maranta 
arundinaceaj  is  true  or  West  Indian 
arrowroot. 

Cohort  4.  Orchidales. 
Flower  irregular,  dorsi ventral, 
zjgomorphic,  gynandrous  (see 
pp.  495,  518),  reduced  in  the 
andrcecium  :  perianth  petaloid.         ^'®-  868.-Fio^er  of  Canna  indica  (nat. 

CI      J                           11          ',^        1  size): /inferior  ovary;  pa  the  outer;  pi  the 

Seeds    very   small,    without  en-        ^^^^  ^horl  of  the  perianth  ;  g  style  ;  ^  the 

dosperm       or      perisperm;  the       fertilestamen,  with  (an)  the  anther;  llabel- 

^^^•U,^^^     «          •       i.             j'iK  lum;aand/5  the  two  staminodia.    (After 

embryo    a    minute    undifferen-      Kichier) 
tiated  mass  of  cells. 

Order  1.  Orchidagej:.  The  flowers  of  most  of  the  genera  have 
the  formula  j-  KS,  (73,  -41 +  t  2,  O-;^,:  those  of  the  CypripediinsB, 
however,  have  the  formula  >^  O,  OS,  A  f  1  +  2,  6?i3i  (Fig.  369 
4,  B).  The  flower  4s  generally  so  placed,  in  consequence  of 
torsion  of  the  ovary,  that  the  posterior  side  of  the  flower,  instead 
of  being  uppermost,  as  is  normally  the  case,  comes  to  lie  inferiorly 
(resupinate),  but  there  are  exceptions  {e,g,  Liparls,  Nigritella, 
Epipogium).  The  posterior  segment  (petal)  of  the  inner  whorl 
called  the  labellum  (Fig  370,  see  also  Fig.  294  l\  is  always  larger 
than  the  others,  and  varies  greatly  in  form ;  it  frequently  has  a 
spur  (Fig.  370  sp)  or  a  sac-shaped  cavity  (Fig.  294).  The  an- 
drcecium and  the  three  stigmata  are,  iu  most  Orchids,  borne  on  a 
prolongation  of  the  floral  axis  the  gynostemium  (Fig.  294  s ;  Fig. 
372  2?  and  0  gs).  In  the  andrcecium  usually  three  stamens  are 
represented :  in  the  monandrous  Orchids  there  is  a  fertile  an- 
terior stamen  belonging  to  the  outer  whorl  (Fig.  369,  A),  and 
often  two  staminodes,  which  are  sometimes  petaloid  (e.gf.  Diuris) 
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or  small  tooth-like  prominences  (anrionlao,  stelidia)  on  the 
gynosteminm  {e.g.  Orchis,  Epipactis,  Fig.  294  a:),  belonging 
generally  to  the  inner  androecial  whorl,  bat  sometimes  apparently 
to  the  outer:  in  the  diandrons  Orchids  {e.g.  Cypripedium,  Fig. 
369  B)  there  are,  generally,  two  fertile  stamens  belonging  to  the 
inner  whorl ;  the  outer  whorl  being  only  represented  by  an 
anterior  staminode.  The  anther  usually  has  four  pollen-sacs, 
but  may  have  two  {e.g.  Collabium)  or  eight  {e.g.  Calanthe,  Bletia). 
In  some  genera  the  pollen-grains  are  separate  from  each  other, 
in  the  majority  they  are  united  into  a  mass,  polUnium,  which  fills 
an  entire  pollen-sac  (Fig.  294  B,  F,p).  The  pollinium  may  consist 
of  tetrads  with  a  common  exine  {e.g.  Neottia) ;  or  of  larger  groups 
of  cells,  termed  massulcB  {e.g.  Orchis),  when  it  is  said  to  be  secttle; 
or  of   uniform  tissue.      In  those  Orchids   which  have  pollinia. 


Pig.  see.  —  Diagram     of     Orohidaceous  Pio.  370.— Flower  of  Orchia  moMula  ( x  f )  t 

flowerp,  neglecting  resnpination.  A  The  /  the  twisted  ovary ;  a  a  a  the  three  outer 
usual  type.  B  Cypripedium :  the  shaded  perianth.leares ;  i  i  two  of  the  inner,  I  the 
f  tamens  are  staminodia.  third  inner  perianth-leaf,  the  labellum,  with 

(•p)  the  spur ;  a  stigma :  p  pollen- sacs. 

it  is  frequently  the  case  that  the  tissue  of  the  pollen-sac  is 
prolonged,  according  to  the  position  of  the  anther,  either  to  the 
lower  {hasitonous,  e.g.  Ophrydinse)  or  to  the  upper  end  of  the 
anther  {acrotonouSy  e.g.  PhajiinsB,  Oncidiinee),  and  here  almost 
exclusively  gives  rise  to  a  mucilaginous  filament,  the  caudiclej 
attached  to  the  pollinium  (or  to  the  two  or  more  pollinia  of  each 
half  of  the  anther)  below  or  above. 

The  ovary  is  unilocular  (rarely  trilocular  as  in  some  Cypri- 
pediinee),  and  contains  numerous  anatropous  ovules  on  three 
parietal  placentae.  In  all  the  monandrous  Orchids,  the  anterior 
lobe  of  the  trilobate  stigma  is  not  susceptible  of  pollination,  and 
is  either  rudimentary  or  developes  into  an  organ  termed  the 
rofitellum  (Fig.  294  //),  which  is  situated  either  above  or  below 
the  anther,  and  in  the  tissue  of  which  one  or  two  small  masses 
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of  sticky  macilage  (retinacula)  are  formed,  and  are  frequently 
enclosed  in  one  or  two  pouches  (hursiculce)  formed  by  the  rest  of 
the  tissue  of  the  rostellum.  The  poUinia  adhere  to  the  retinacula 
by  the  caudicle,  when  present,  and  are  removed,  in  pollination,  by 


Fie.  371.— Tnbers  (il)of  Or cK\»  Morio ;  B  of  Oymnadenia  VonojtBea :  $  the  pedancle ;  1  this 
year'a  taber ;  I  next  year's  taber ;  k  the  bad ;  to  and  io'  roots  (nat.  sise). 

the  adhesion  of  the  retinacula  to  the  proboscis  of  the  insect  (see 
p.  456). 

Most  of  the  indigenous  species  have  underground  rhizomes  or 
tubers.  In  the  latter  case,  two 
tubers  are  usually  present,  the  older 
one,  which,  at  the  time  of  flowering, 
becomes  flaccid  (Fig.  371  -4  and  B,  1), 
throws  up  the  flowering  scape  («) 
or,  in  young  plants,  a  short  under- 
ground stem  which  produces  only 
leaves  above  ground.  At  the  upper 
end  of  this  tuber  another  much 
firmer  tuber  is  formed  (Fig.  371), 
bearing  at  its  apex  the  bud  of  the 
next  year's  stem  (K),  The  tuber  is 
to  be  regarded  as  a  lateral  bud 
which  coalesces  with  its  first  root 
(or  more  than  one,  Fig.  371  B)  and 
then  increases  in  bulk :  the  lower 
end  of  an  undivided  tuber,  as  well 
as  the  ends  of  palmate  tubers,  has, 
in  the  young  state  at  least,  the  same 
structure  as  the  apex  of  a  true  root. 


Pig.  372.--Plower  of  Cjprtpedium 
Calceolua :  p  p  the  leaves  of  the  peri- 
anth  have  been  cut  away.  A  Side 
view.  B  Back  view.  C  Front  view ; 
/  ovary ;  g»  gynostemium ;  a  a  the 
two  fertile  stamens ;  s  staminode ;  a 
stigma.    (After  Sachs.) 
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The  genera  of  OrohidaceaB  are  so  namerous  and  so  diTerse  that  it  is  impos- 
sible to  give  more  than  a  sammary  of  those  which  are  British. 

DiAKDBA :  two  fertile  stamens,  belonging  to  the  inner  whorl :  all  three  lobes 
of  the  stigma  are  susceptible  of  pollination  :  pollen-grains  cohering  bat  slightly. 

Fam.  1.  CypripediiTue.  Cypripedium  Caleeoluf,  the  Lady^s  Slipper,  now 
very  rare,  occurs  in  woods  in  the  north  of  England :  it  has  a  creeping  rhizome 
and  broad  ovate  leaves :  the  perianth  is  of  a  reddish-brown  colour,  except  the 
labellum  which  is  yellow  and  forms  a  shoe-like  sac  (Figs.  869,  372). 

Monandry  :  one  fertile  stamen,  the  anterior,  belonging  to  the  outer  whorl : 
only  the  two  lateral  lobes  of  the  stigma  are  susceptible  of  pollination;  the 
anterior  lobe  is  rudimentary,  or  is  developed  as  the  rostellum :  pollen-grains 
coherent  into  pollinia. 

Fam.  2.  Ophrydina  :  anther  short  and  broad ;  the  waxy  pollinia  are  basit- 
onous ;  a  rostellum,  forming  retinaoula  to  which  the  caudicles  of  the  pollinia 
adhere. 

To  the  sub-family  Serapiadece,  which  is  characterised  by  the  short  gynos- 
temium  and  the  erect  anther,  belong  the  genera  Ophrys,  Orchis,  and  Aceras. 
In  Ophrys  there  are  two  distinct  bursiculse  and  retinaoula,  and  the  pollinia 
remain  distinct :  the  flowers  resemble  insects :  0.  apifera  the  Bee  Orchis,  O. 
aranifera  the  Spider  Orchis,  and  O.  mtucifera  the  Fly  Orchis,  occur  in  chalk 
pastures.  In  Orchis  there  is  but  one  bursicula,  but  there  are  two  retinaoula,  so 
the  pollinia  may  be  removed  separately,  and  the  labellum  is  spurred :  Orehit 
Morio.  mascula,  and  militarist  have  round  or  oval  tubers;  whilst  O.  latifolia^ 
maeulata,  and  pyramidalit  have  palmate  tubers.  In  Aceras  (Ac^as  anthropo- 
phora  is  the  green  Man-Orchis)  the  3-lobed  lip  is  not  spurred,  and  there  is  but 
one  retinaculum. 

To  the  sub-family  Gyninadeniea,  characterised  by  the  absence  of  a  bursicula, 
and  consequently  bare  retinaoula,  belong  the  British  genera  Gymnadenia, 
Habenaria,  Neotinea,  Herminium  (as  also  other  interesting  European  genera, 
such  as  Chamseorchis  and  Nigritella).  In  Gymnadenia  (G.  Conopsea,  the 
fragrant  Orchis)  the  retinaoula  are  contiguous :  in  Habenaria  (£f.  albida,  bifoHa, 
viridiSf  Butterfly  Orchis)  the  retinaoula  are  distant :  in  Neotinea  {N,  intatta) 
the  pink  perianth-segments  are  connivent :  whilst  in  the  preceding  genera  the 
labellum  is  spurred,  it  is  not  spurred  in  Herminium  {H,  Matwrchis,  the  green 
Musk  Orchis). 

Fam.  3.  Neottiin<e :  pollinia  usually  soft  and  granular,  either  acrotonous  or 
altogether  without  caudicles. 

To  the  sub-family  Cephalantherea,  in  which  the  labellum  is  transversely 
segmented,  belong  the  genera  Cephalanthera,  Epipactis,  and  Epipogium. 
Cephalanthera  (C  grandiflmra,  C.  ensifolia,  C.  rubra)  and  Epipactis  (£.  latifoUa 
and  E.  palustria),  the  Helleborines,  are  rhizomatous  leafy  plants  with  well> 
developed  leaves  on  the  peduncles :  the  labellum  is  not  spurred,  and  the  rostel- 
lum is  rudimentary.  Epipogium  Gmelini  is  a  saprophyte,  has  no  roots,  and 
its  leaves  are  scaly  and  not  green ;  it  has  granular  pollinia  with  acrotonous 
caudicles,  a  rostellum  producing  a  retinaculum,  and  a  spurred  labellum ;  the 
flower  is  not  resupinate. 

To  the  sub-family  Spiranihea,  characterised  by  a  rostellum  as  long  as  the 
anther,  producing  a  retinaculum  to  which  the  granular  pollinia  (without  eau- 
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dicles)  adhere,  belong  the  genera  Spiranthes,  Listera,  and  Neottia.  Spirantbes, 
Lady's  Tresses  (S,  autumnalisy  astioaliSt  and  gemmipara)  has  a  spike  unilateral 
by  torsion,  perianth-segments  connivent,  no  spar.  Listera,  T way-blade  (L. 
cordata  and  ovata),  has  only  two  foliage-leaTes,  and  spreading  perianth- 
segments,  no  spar.  Neottia  Nidm-AvUj  the  £ird*8-nest  Orchid,  is  a  saprophyte, 
with  scaly  leaves  which  do  not  contain  chlorophyll ;  labellum  not  spurred. 

To  the  sab-family  Physureat  characterised  by  the  structure  of  the  poUinium, 
which  is  sectile,  belongs  the  genus  Goodyera  {G,  repent)  in  which  the  labellum 
has  no  spur,  and  the  pollinia  have  acrotonous  oaudioles ;  the  inflorescence  is, 
like  that  of  Spiranthes,  a  unilateral  twisted  spike ;  the  plant  is  rhizomatous. 

Fam.  4.  Liparidina :  the  anther  produces  four  waxy  pollinia  without  cau- 
dicles.  Liparit  {Sturmia)  Loeteliit  has  only  two  foliage-leaves  and  a  pseudo- 
bulb  ;  the  flower  is  not  resupinate  ;  there  are  two  retioacula,  to  each  of  which 
a  pair  of  pollinia  become  attached.  Malaxis  (Af.  paludosa^  Bog  Orchis)  has  a 
short  gynostemium  and  a  single  retinaculum;  reproduced  by  pseudo-bulbs. 
Corallorhiza  (C.  innatat  the  spnrless  Coral-root)  is  a  saprophytic  plant,  without 
roots  or  foliage-leaves. 

There  are  many  other  families,  inclading  a  large  number  of  genera  which 
are  mainly  tropical  and  commonly  epiphytic  with  aerial  roots  (see  p.  155). 
Many  of  these  are  cultivated  in  hot-hoases  such  as  Oncidium,  Vanda,  Dendro- 
bium,  Angrascum,  etc.  Vanilla  is  the  dried  fruit  of  Vanilla  planifolia^  a  climb- 
ing species. 

Though  pollination  is  usually  dependent  upon  the  visits  of  insects  (see  p. 
456),  self-pollination  is  by  no  means  uncommon.  For  instance,  among  British 
Orchids,  Ophrys  apifera  and  Seotiiua  intacta  are  probably  always  self-poUinated, 
and  Neottia  Nidus-Avii,  Epipactis  ovalis  and  E,  latifolia,  are  frequently  self- 
pollinated,  simply  by  the  falling  of  the  pollen  on  to  the  stigma.  Cephalan- 
thera  rubra  is  commonly  pollinated  whilst  in  the  bud,  by  the  germination  of 
the  pollen-grains,  the  pollen-tubes  making  their  way  to  the  stigma. 

Cohort  5.  Narcissales.  Flowers  regular  or  irregular:  not 
less  than  three  stamens  in  the  androecium :  perianth  petaloid : 
seeds  with  oily  endasperm. 

Order  1.  AMARYLLiDACBiE.  KSy  03,  i43  +  3  or  12  to  18,  (?(a;> 
The  flower  is  occasionally  zygoraorphic  and  narrowly  funnel- 
shaped  :  anthers  usually  introrse.  The  frait  is  usually  a  trilocular 
loculicidal  capsule,  sometimes  a  berry. 

The  principal  of  the  numerous  genera  are  arranged  in  the  following  fami- 
lies:— 

Fam.  1.  Amaryllidoidea  :  subterranean  stem,  bulbous :  scape  leafless,  bear- 
ing  a  single  terminal  flower,  or  an  umbellate  inflorescence,  invested  by  one  or 
more  bracts.  Amongst  the  genera  without  a  corona  (see  p.  515)  are  Amaryllis 
{A,  Belladonna,  the  Belladonna  Lily),  Vallota  (K.  purpurea,  the  Scarborough 
Lily)  with  zygomorphic  flowers ;  Zephyranthes,  Sternbergia,  Crinam,  Galanthus 
{O.  nivalii,  the  Snowdrop),  and  Leucojum  (L.  vemuiHy  the  Spring  Snowflake  ; 
L.  attivum,  the  Summer  Snowflake)  with   actinomorphic  flowers.    Amongst 
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the  genera  with  a  corona  are  the  many  species  of  Naroissas  N,  {Corbularia) 
BtUboeodium,  the  Hooped  Petticoat  Daffodil ;  N.  (Ajax)  PBeudo-narciuus,  the 
common  Daffodil ;  iV.  (Qxultia)  Jonquilla,  the  Jonquil,  and  N,  ineomparabilU 
the  Star  Daffodil;  N.  poetieusj  the  Poet's  or  Pheasant's  Eye  Narcissus;  N. 
Tazetta,  the  Closter  Narcissus :  also  the  genera  Pancratium  and  Eucharis. 

Fam.  2.  Agavoidea :  stem  not  subterranean,  short  or  elongated  into  a 
trunk.  Here  belong  the  genera  Agave  (incl.  Bonapartea)  and  Foureroya. 
Affave  americana^  commonly  known  as  the  false  or  American  Aloe,  is  a  native 
of  Mexico  but  has  been  naturalised  in  Southern  Europe.  Tbe  short  stem 
bears  a  rosette  of  large  thick  prickly  leaves :  when  it  has  attained  sufficient 
vigour— in  Southern  Europe  in  from  10  to  20  years— it  throws  up  a  scape  20-80 
feet  high,  which  branches  and  bears  a  large  number  of  flowers  in  a  pyramidal 
panicle. 

Fam.  8.  Hypoxidoid^a  :  subterranean  stem  a  rhizome,  bearing  a  terminal 
flowering-shoot.    Alstrcemeria,  the  Peruvian  Lily,  has  a  leafy  flowering-shoot 

and  the  habit  of  a  Lily. 

The  British  species  of  the 
order  are  the  .common  Daffodil, 
the  Snowdrop,  and  the  Snow- 
flakes. 


Fie.  373.— Diagram  of  the  flower  of  Iris,  and  view 
of  the  Bame  after  the  removal  of  tbe  perianth:  • 
peduncle ;  /  inferior  ovary ;  r  tabular  portion  of  the 
perianth ;  pa  the  insertion  of  the  outer,  pi  of  the 
inner  leaves  of  the  perianth ;  $t  stamen ;  a  anther ; 
n  n  n  the  three  petaloid  stignmta  (nat.  size). 

which   is   autumn-flowering. 
Channel  Islands. 


Order  2.  iRiDACEiE. 
K3,  C3,  ^3+0,  G^,.  The 
flower  is  sometimes  zygo- 
morphic:  stamens  some- 
times monadelphous ;  the 
anthers  are  extrorse :  the 
f  mit  is  usually  a  trilocalar 
locnlicidal  capsale. 

Fam.  1.  Cbocoidb£  :  flowers 
actinomorphic,  terminal,  single, 
with  sometimes  other  axillary 
flowers,  each  invested  by  a 
spathe :  stem,  a  corm. 

To  this  family  belong, 
amongst  others,  the  genera 
Crocus  and  Bomulea.  Many 
species  of  Crocus  (e,y,  C.  auretUf 
hifiorua,  specioiUi^  vernuty  etc.) 
are  cultivated ;  C.  talivut  is  the 
Saffron  Crocus,  the  dried  stig- 
mata of  which  are  termed  Saf- 
fron :  the  only  indigenous 
British  species  is  C.  nudiJioru» 
Bomulea  (Trichonema)  Columna  occurs  in  the 
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Fam.  2.  iBiDioiDEiS  :  flowers  mostly  actinomorphio,  fonning  many-flowered 
inflorescences  of  varioas  form  with  spathes,  each  of  which  invests  more  than  one 
flower :  stem  balbous  or  rhizomatons. 

This  large  family  inolades  several  sub-families,  of  which  the  following  are 
the  more  important : — 

Sub-fam.  Iridina :  perianth- tobe  short  or  absent ;  the  capsule  is  not  en- 
closed by  the  spathe ;  the  styles  are  petaloid,  with  the  stigma  on  the  under 
surface.  Iris,  the  Flag,  is  the  principal  genus.  The  species  of  this  very  large 
genus  may  be  divided  into  two  groups  based  upon  the  bulbous  or  the  rhizoma- 
tous  character  of  the  stem.  The  most  familiar  of  the  bulbous  Irises  are,  /. 
xiphioidei  (or  Xiphion  latifoUum,  or  Iri$  anglica)  the  so-called  English  Iris ; 
J.  XipMum  {Xiphion  vulgare)  the  Spanish  Iris ;  I.  reticulata^  persicay  and  Hittrio. 
The  rhizomatons  Irises  are  classified  according  to  the  presence  or  absence  of 
hairs  (beard)  on  the  perianth-segments  :  thus, — 

Sect.  Hezapogon :  all  the  perianth-segments  bearded  along  the  upper  surface 
of  the  midrib  of  the  claw  :  e,g.  I.  longitcapa  and  falcifolia. 

Sect.  Pogoniris :  only  the  three  outer  perianth-segments  bearded  on  the 
midrib  of  the  claw ;  e.g.  /.  fiurfutina^  germanica,  paUida^  pumila, 

Seci  Oncoojclus :  the  three  outer  perianth-segments  bearded  on  both  claw 
and  limb :  e.g.  I.  atsianaj  iberica. 

Sect.  Apogon :  perianth-segments  beardless :  e.g,  1.  graminea  and  siberica 
with  linear  leaves ;  I.  Pseudacorue,  ochroleuea^  foetidiuima^  etc.,  with  ensiform 
leaves.    I.  P»eudacoru»  (Yellow  Flag)  and /o^tidwn'/na  are  British. 

Sub-fam.  Tigridime :  perianth-tube  absent ;  styles  branched  with  an  apical 
stigma ;  the  inner  whorl  of  perianth-segments  is  smaller  than  the  outer ;  sta- 
mens monadelphous :  bulbous  plants.     Tigridia  Pavovia  is  the  Tiger  Flower. 

Sub-fam.  SisyrinchincB :  perianth-tube  short;  styles  unbranched,  nearly 
cylindrical,  altercate  with  the  stamens  (not  opposite  as  in  Iris) :  stamens  free, 
or  connate  at  the  base :  rhizomatons  plants. 

Bere  belong  the  genera  Libertia  (with  free  stamens)  and  Sii^yrinchium 
(with  basally  connate  stamens),  having  actinomophic  flowers ;  S,  (Bermudiana) 
angiatifolium,  Blue-eyed  Grass,  occurs  in  Galway. 

Sab-fam.  Aristince :  perianth-tube  elongated ;  capsule  enclosed  by  the  spathe ; 
stamens  monadelphous  (Patersonia)  or  free  (Aristea) ;  generally  rhizomatons. 

Fam.  8.  Izioidejb  :  the  flowers,  which  are  frequently  zygomorphic,  are  each 
invested  by  a  spathe  :  stem,  usually  a  oorm. 

In  the  sub-fam.  Ixiece,  the  zygomorphism  of  the  flower  is  but  slightly 
marked:  Schizostylis  is  rhizomatons,  whilst  the  other  genera  (Ixia,  Geisso- 
rhiza,  etc.)  are  bulbons. 

In  the  OladioltfOB,  the  zygomorphism  of  the  flower  is  well-marked,  but  the 
flower  may  be  either  straight  and  erect  {e.g.  Tritonia,  Montbretia,  Sparaxis),  or 
curved  {e.g.  Gladiolus).  Oladiolue  illyricw  {eommuni*),  the  lesser  Gladiolus 
or  Corn-Flag  occurs  in  England. 

In  the  Watsonieoi  (Watsouia,  Lapeyronsia,  Freesia),  the  styles  are  2- 
branched. 
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Class  X.— DICOTTLEDONES. 

The  ripe  seed  (Fig.  295)  may  be  albaminoas,  eontaining  a  mass 
of  endosperm  and  a  relatively  small  embryo,  as  in  the  Umbelliferje 
and  EuphorbiacesB  ;  but  sometimes  the  embryo  is  relatively  large 
and  the  endosperm  occupies  only  a  small  space,  as  in  the  Labiatce : 
more  commonly  the  seed  is  exalbuminoas,  the  endosperm  being 
wholly  absent,  and  then  the  embryo,  which  has  large  and  fleshy 
cotyledons,  fills  the  entire  cavity  of  the  testa,  as  in  the  Kosaceae, 
the  Leguminosae,  and  the  Compositee.  Perisperm  is  rarely  pre- 
sent, either  together  with  endosperm  {e.g,  some  Piperales  and 
NymphaeacetB),  or  alone  (Chenopodiales). 

The  embryo  (see  p.  443)  usually  has  distinct  members,  consist- 
ing of  an  axis  and  two  opposite  cotyledons  ;  in  rare  cases,  e.g. 
Corydalis,  only  one  cotyledon  is  present,  or  abnormally  thi-ee  may 
occur,  as  is  occasionally  the  case  in  the  Oak,  the  Sycamore,  and 
the  Almond.  In  parasites  and  saprophytes  which  are  devoid  of 
chlorophyll  and  which  have  very  small  seeds,  such  as  Monotropa 
and  Orobanche,  the  embryo  is  quite  undifferentiated,  and  it  con- 
sists of  only  a  small  number  of  cells. 

The  axis  of  the  embryo  frequently  persists  as  the  main  axis  of 
the  plant  which  grows  in  length  and  produces  numerous  less 
vigorous  lateral  shoots  ;  but  it  often  happens  that  some  of  these 
lateral  branches  subsequently  grow  as  vigorously  as  the  main  axis  : 
when  this  is  the  case,  and  when  also  the  lower  and  feebler  shoots 
die  off,  a  head,  such  as  is  common  in  forest- trees,  is  the  result ;  in 
the  case  of  shrubs,  vigorous  branches  are  formed  quite  low  down 
on  the  main  stem.  The  branching  of  the  stem  is  almost  invariably 
axillary  and  lateral :  it  is  frequently  monopodial  (p.  40),  but  in 
many  forest-trees  the  stem  (trunk)  and  branches  form  a  sympo- 
dium,  the  uppermost  lateral  bud  growing  each  year  in  the  direc- 
tion of  the  main  axis,  which  does  not  itself  develope  any  further. 

When  the  axis  of  the  embryo  continues  to  be  the  main  axis  of 
the  plant,  the  primary  root  also  developes  greatly,  and  forms  a 
tap-root  from  which  the  lateral  roots  grow  in  acropetal  succession  ; 
in  cases  in  which  the  growth  in  length  of  the  tap-root  is  limited, 
numerous  adventitious  roots  spring  from  its  older  portions ;  these 
may  again  give  rise  to  lateral  roots,  and  by  a  repetition  of  this 
process  an  elaborate  root- system  is  formed. 

The  stem  is  almost  always  monostelic  (see  p.  152).  The 
vascular  bundles  of  the  stem  are  almost  always  conjoint,  collateral, 
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and  open,  and  the  stem  p^rows  in  thickness  by  the  activity  o!  the 
cambium-ring  which  is  formed  (p.  191). 

The  epiblema  of  the  root  is  (except  Nymphseaceee)  the  per- 
sistent  innermost  layer  of  the  original  many-layered  epidermis 
(see  p.  154).  When  the  stem  grows  in  thickness,  the  root  does 
so  also  (see  p.  191). 

The  leaves  exhibit  infinite  variety  both  in  their  relative  position 
and  in  their  form.     The  foliage- leaves  almost  always  consist  of 


he 


Fie.  374.— Ftcia  Faha,  the  Bean.    .4  Seed  with  one  of  Fin.  375.— Seedling  of  theMapIe 

the  cotyledons  removed;  o  the  remaining  cotyledon  ;  (nat.size) :  c  c  the  cotyledons ;  )cn 

tD  radicle ;  kn  plumule ;  s  testa.     B  Germinating  seed ;  the  plumule ;  Tie  the  hypocotyl ; 

s  testa  ;  I  a  portion  of  the  testa  torn  away ;  n  hilnm ;  ie  primary  root ;   K  root  hairs 

»t  petiole  of  one  of  the  cotyledons ;  k  carved   epi*  (the  lower  part  is  cut  off), 
cotyl;    he  the  very  short  hypocotyl;   h  the  primary 
root ;  tr<  its  apex ;  fen  bad  in  the  axU  of  one  of  the 
cotyledons. 

petiole  and  blade ;  amplexicaul  leaf-bases  are  comparatively  rare, 
but  stipules,  on  the  contrary,  are  very  common.  Branching  or 
segmentation  of  the  leaves  is  common,  and  is  frequently  indicated 
by  the  incision  of  the  margin.  The  usually  reticulate  venation  of 
the  leaves  is  characterized  by  the  presence  of  a  large  number  of 
veins  which  project  on  the  under  surface,  except  in  thick,  fleshy 
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leaves,  and  which   freqaeotlj  anastomose;   a  midrib   is   almost 
always  present,  giving  o£P  lateral  branches  to  right  and  left. 

The  flowers,  when  they  are  lateral,  are  nsaally  famished  with 
two  prophylla  or  bracteoles  (see  p.  505) :  they  differ  very  con- 
siderably in  their  structure,  and  cannot  be  referred  to  any  one 
type.     The  following  are  the  principle  forms: 

1.  In  a  considerable  number  the  perianth,  which  is  simple,  and 
the  androecium  are  isomerous,  consisting  of  four,  five,  or  six 
members ;  their  arrangement  is  either  spiral  (f ),  or  whorled  so 
that  the  stamens  are  always  snperposed  on  the  leaves  of  the 
perianth  ;  the  latter  are  all  similar  and  are  sepaloid.  Formula 
P5  I  -45,  or  Pn  +  n.  An  +  n,  where  n=  2  or  3.  This  structure 
prevails  in  some  of  the  Monochlamydese  (Urticales,  Amen  tales). 

2.  In  a  second  group,  all  the  parts  of  the  flower  are  arranged 
in  a  continuous  spiral,  the  stamens,  and  sometimes  the  carpels, 
being  generally  more  numerous  than  the  leaves  of  the  perianth : 
the  perianth  may  consist  only  of  a  calyx,  or  a  corolla  may  be 
developed  in  place  of  the  external  stamens ;  when  this  is  the  case 
the  corolla  alternates  with  the  calyx,  provided  that  it  is  isomerous 
with  it,  as  in  most  Ranales. 

3.  With  these  two  types  are  connected  by  many  intermediate 
forms  those  flowers  in  which  the  biseriate  perianth  and  the  stamens 
are  in  whorls :  their  formula  is  Kn,  On,  An  +  n,  where  n  usually 
=  5  or  4.  This  is  the  most  common  type  of  structure  of  the 
flower;  it  occurs  in  most  PolypetalaB  and  Gamopetalas;  it  may  be 
modified  either  by  the  suppression  of  one  (usually  the  inner) 
whorl  of  stamens,  or  by  their  multiplication,  their  branching,  or 
their  cohesion,  or  by  the  suppression  of  the  corolla. 

4.  Finally,  there  remain  certain  flowers  which  cannot  be  directly 
referred  to  any  one  of  the  above  types,  and  they  must  therefore 
be  left  unexplained  for  the  present,  and  the  relationships  of  their 
families  must  remain  uncertain. 

The  sub-divisions  in  which  the  Dicotyledons  are  arranged  in  the 
following  classification  are  especially  characterized  by  peculiarities 
in  the  structure  of  the  flower.  It  is  impossible,  however,  to  draw 
sharp  distinctions  between  the  sub- classes,  the  cohorts,  the  orders, 
and  sometimes  even  between  the  families,  for  the  position  of  a 
plant  in  the  system  depends,  not  upon  any  one  character,  but  upon 
the  aggregate  of  its  characters. 

The  principal  orders  of  Dicotyledons  may  be  arranged  as 
follows : — 
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SUB-CLASS  I.    MONOCHLAMYDE^. 


Cohort  I.  Piperales. 

Cohort  IV.  Proteales. 

Order  1.  Piperaceje. 

Order  I.  PROTEACEiE. 

„     2.  Chloranthaceje. 

Cohort  V.  Chenopodiales. 

„      3.  Saururacejk. 

Order  1.  Chenopodiacej:. 

Cohort  II.  Urticales. 

„        2.   AMARANTACEiE. 

Order  1.  Urticacej:. 

„      3.  Phytolaccacrje. 

„        2.   MORACEiE. 

„      4.  Nyctaginace^. 

„      3.  Cannabinace^. 

Cohort  VI.  Asarales. 

„      4.  Ulmace^. 

Order  1.  Aristolochiacej:. 

Cohort  III.  Amentales. 

„      2.  Cytinaceje. 

Order  1.  Betulacej:. 

Cohort  VII.  Santalales. 

„        2.    CoRYLACEiE. 

Order  1.  Santalacej:. 

„      3.  Fagace^. 

„        2.   LORANTHACEJI. 

„     4.  Juglandacej:. 

„     3.  Balanophoraceje. 

„      5.  Myricaceje. 

,,      6.  Casuarinacej;. 

„      7.  Salicacejs. 

SUB-CLASS  II. 

POLYPETAL-^. 

SERIES  I.     THALAMIFLOK^. 

Cohort  I.  Ranales. 

Order  4.  CAPPARiDACEiE. 

Order  1.  Ranuncclacej:. 

„      5.  Resedaceje. 

„     2.  Magnoliace-s. 

„      6.  Cistacej:. 

„        3.    CALYCANTHACEiE. 

„        7.   BlXACE^. 

„        4.   NYMPHiEACEiE. 

„        8.   VlOLACEJI. 

Cohort  II.  Menispermales. 

Cohort  V.  Sarraceniales. 

Oi-der  1.  Menispermace^. 

„      I.  Sarraceniacejs. 

„        2.   BERBERIDACEiE. 

„      2.  Nepenthacej:. 

„      3.  Lauracejs. 

„      3.  Droseracej:. 

„      4.  Myrtsticace^. 

Cohort  VI.  Guttiferales. 

„        5.    POLYGONACE-K. 

Order  I.  Hypericaceje. 

„      6.  Ceratophyllacej:. 

„      2.  Tamaricacfj:. 

Cohort  III.  Caryophyllales. 

„      3.  Elatinace*. 

Order  1.  Caryophyllace.*:. 

„        4.    TERNSTROSMIACEiE. 

„      2.  Portulacej:. 

„        5.    CLUSIACEiE. 

„        3.   AlZOACEiE. 

„        6.    DiPTEROCARPACEJE, 

Cohort  IV.  Parietales. 

Cohort  VII.  Malvales, 

Order  1.  Papaveracej:. 

Order  I.  Tiliace^. 

„        2.    FUMARIACEiE. 

„      2.  Sterculiace^. 

„      3.  Crucifer^. 

„      3.  Malvacej:. 
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SERIES  II.     DISCIFLOR^. 


Cohort  I.  Geraniales. 
Order  1.  Geraniace^. 
„      2.  Linages. 
„      8.  Erythroxylacejj. 
„      4.  oxalidace^. 

„        5.    BALSAMINACEiB. 

„      6.  Trop^olace^. 
„      7.  Zygophyllacej:. 
„      8.  Rutacej:. 
„      9.  Meliacej:. 
„    10.  Simarubace.b. 
„    11.  Burserace^. 
Cohort  II.  Sapindales. 
Order  1.  Sapindacej:. 
„      2.  Aceracej:. 
„     3.  polygalace^. 
„      4.  Anacardiack.b. 


Cohort  III.  Celastrales. 
Order  ].  Celastracej:. 

„      2.  Staphyleacfje. 

„      3.  Aqdifoliaceje. 

„     4.  Thymeleace^. 

„      5.  Elj:agnacej:. 

„      6.  Rhamnace^. 

„      7.  Ampelidace*. 
Cohort  IV.  Euphorbiales. 
Order  1.  Euphorbiackk. 

„        2.    BuXACEiE. 

„      3.  Empetraceje. 
„      4.  Callitrichace^. 


SERIES  ni.    CALYCIFLOR.E. 


Cohort  I.  Umbellales. 
Order  1.  Umbelliferjl 

„        2.   ARALIACEiE. 
„        8.    CORNACE^. 

Cohort  II.  Passiflorales. 
Order  1.  PASsiFLORACEiE. 
„      2.  Papayacej:. 

„        3.    BEGONIACEiE. 

„      4.  Cucurbitace^. 
„      5.  Cactaceje. 
Cohort  III.  Myrtales. 
Order  1.  Onaqracej:. 
„      2.  Haloragidace^. 
„      3.  Lythracej:. 
„      4.  Myrtacej:. 
„      5.  Rhizophoracej:. 


Cohort  IV.  Resales. 
Order  1.  RosACEiE. 
„      2.  Leguminosj:. 
„      3.  Platanacf.^. 
Cohort  V.  Saxifragales. 
Order  1.  Saxifragace^. 
„      2.  Crassulace^. 

„  3.    CEPHALOTACEiE. 

„  4.    PlTTOSPORACE^. 

„  5.    HAMAMELIDACEJi:. 

„  6.    PODOSTEMACE^. 
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SUB-CLASS  III.     GAMOPETAL^. 
SERIES  I.    HYPOGYN^. 


Cohort  I.  Lamiales. 
Order  1.  Labiatji. 
„      2.  Verbenaceje. 
„      3.  Globulariace^. 
Cohort  II.  Personales. 

Order  I.  Scrophularacej:. 
„      2.  Plaxtaoinacej:. 

„        3.    BlOXONlACEiE. 

„      4.  Acanthace^. 
„      5.  Gesneracej:. 
„      6.  Oboranchaceje. 
„      7.  Lentibulabtace*. 
Cohort  III.  Polemoniales. 
Order  1.  Convolvulaceje. 

„        2.    POLEMONIACEiE. 
„        3.    SOLANACEJK. 

n      4.  Boraginacej:. 


Cohort  IV.  Gentianales. 
Order  I.  GENTiANACKiK. 

„        2.    LOGANUCE^. 
„        3.   APOCTNACEiE. 

„      4.  asclepudacea. 

„      5.  Oleacejc. 
Cohort  V.  Ebenales. 
Order  I.  Sapotac.:^. 

„      2.  Ebenacejb. 

„      3.  Styrace^. 
Cohort  VI.  Primulales. 
Order  1.  Prim  u lac ej:. 

„      2.  Myrsinaceji. 

„      3.  Plumbaginacej:. 
Cohort  VII.  Ericales. 
Order  1.  Ericacej:. 

„      2.  Epacridaceje. 

„     3.  Diapensiacej:. 

„      4.  pvrolackje. 

„     5.  Vaccinucej:. 


SERIES  11.    EPIGYNiE. 


Cohort  I.  Campanales. 
Order  I.  Campanulacej:. 

„        2.    LOBELIACEiE. 

Cohort  II.  Rubiales. 
Order  1.  Rubiacej:. 
„      2.  Caprifoliace*. 


Cohort  III.  Asterales. 

Order  1.  Valerianace*. 
„      2.  Dipsacej:. 

„        3.    COMPOSlTiE. 


SUB-CLASS  I.    MONOCHLAMYDE^. 

The  flowers  have  a  simple,  usually  sepaloid,  perianth,  or  it  may- 
be absent ;  they  are  commonly  monosporangiate. 

It  must  not  be  assumed  that  all  Dicotyledons  with  apetalous  flowers  belong 
to  this  sub-class :  on  the  contrary,  many  such  plants  must,  in  view  of  the 
aggregate  of  their  characters,  be  placed  in  the  other  sub-classes.  The  plants 
included  here  are  such  as  have  flowers  the  perianth  of  which  appears  to  be 
primitively  simple,  and  not  saoh  as  have  flowers  the  perianth  of  which  seems 
to  have  become  simple  by  suppression  (see  p.  606). 

V.  8.  B.  P  P 
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Cohort  I.  Piperales.  The  flowers  are  usually  ambisporangiate, 
and  they  ai*e  aiTanged  in  a  spike  or  a  spadix,  with  bracts  ;  perianth 
usually  absent.  Ovary  usually  superior,  monomerous  or  trinierous, 
unilocular.  Ovule  orthotropous,  solitary,  basal  or  suspended ;  in 
some  cases  there  are  several  parietal  ovules.  The  embryo  is  small 
and  lies  imbedded  in  endosperm,  usually  in  a  depression  of  the 
abundant  perisperm  (Fig.  295  B,  p.  458). 

Order  1.  Piperacej:.  Ovary  superior,  usually  trimerous  or 
monomerous,  unilocular,  with  a  single  orthotropous,  erect,  central 
ovule.  The  inflorescence  is  a  long  spadiz, 
with  usually  peltate  subtending  bracts 
(Fig.  376/,  below),  in  the  axils  of  which 
the  flowers  are  situated.  The  flower  con- 
sists only  of  a  ovary  (Fig.  876  /,  above) 
and  generally  six,  three,  or  sometimes  two 
stamens  ;  the  fruit  is  a  berry. 

Piper  nigrum  is  a  climbing  shrub  belonging  to 

the  East  Indies ;  the  unripe  dried  fruits  are  black 

Fig.  87e.-Part  of  the  spa-  pepper  ;  vrhite  pepper  consists  of  the  ripe  fruiU 

dix  of    Peperomia,   vvith   a  of  the  same  plant,  which,  after  maceration,  are 

flower !  /  (below)  the  sub-  freed  from  their  outer  coat.    Cubebs  are  the  fruita 

tendinir   bract ;   .  .  the  two  ^^  p.        ^^^^  ^j  j^^^ 
utamens ;  /  (above)  ovary ;  h  '^ 

.urfacofthe.p.di,(m.M^.).  Order  2.   Chloeanthace*.     Flowers 

sometimes  with  a  rudimentary  perianth.  Ovary  inferior,  mono- 
merous, with  a  single  suspended  ovule.  Seed  with  oily  endosperm, 
but  no  perisperm.     Tropical  or  sub-tropical. 

Order  3.  SAURURACEiE.  Flowers  without  perianth.  Gynaeceum 
of  three  or  four  carpels,  either  apocarpous  or  syncarpous  :  in  the 
former  case  each  ovary  bears  2-4  orthotropous  ovules  on  its  ventral 
suture  (marginal  placentation)  ;  in  the  latter  case  the  unilocular 
ovary  bears  6-10  ovules  on  each  parietal  placenta ;  ovary  superior. 
Seed  as  in  Piperacese.  Herbs  with  a  rhizome,  belonging  to  North 
America  and  Eastern  Asia. 

Houttuynia  cor  data  (see  p.  48)  is  a  common  weed  in  Japan  and  China. 

Cohort  II.  Urticales.  Flowers  usually  diclinous,  in  inflor- 
escences of  various  forms  :  perianth  usually  present,  simple, 
sepaloid,  consisting  typically  of  five  (f)  or  reduced  to  four  (2  +  2) 
segments ;  stamens  equal  in  number  and  opposite  to  the  segments 
of  the  perianth,  in  consequence,  apparently,  of  the  essentially 
spii*al   arrangement   of   the    floral   organs    (see   p.  497)  ;    ovary 
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superior,  monomerons,  nniloctilar,  or  sometimes  dimerous,  with 
two  styles,  and  then  rarely  bilocnlar :  ovule  solitary,  in  different 
positions.      Seed  commonly   containing  endosperm.     The   inflor- 
escences in  orders  1-3  are  usually  situated 
two  together  at  the  base  of  a  leafy  dwarf - 
shoot  which  springs  from  the  axil  of  a 
leaf,  and  they  are  cymose  (Fig.  377).    The 
leaves  are  generally  hirsute.     Cystoliths 
(p.  lOS)  are  commonly  present. 

Order  1.  Urticacej:.  Ovary  monomer- 
ous :  ovule  central,  orthotropous,  erect. 
Seed  containing  endosperm.  They  are 
mostly  herbs  or  shrubs  without  milky 
juice  and  frequently  provided  with  sting- 
ing-hairs :  leaves  alternate,  stipulate. 
Flowers  polygamous,  monoecious,  or  dioe- 
cious, in  paniculate  or  glomerulate  inflor- 
escences. 


Fio.  377.— Part  of  the  stem 
of  Urtica  xirens,  with  a  leaf  (/) 
in  the  axil  of  which  is  the 
branch  (m),  at  the  base  of 
which  are  the  inflorescences 
(b),  without  any  bracts  (nat. 
size). 


Urtica  ureru  and  dioiea  (Stinging  Nettles)  are  known  by  the  stinging  hairs 
which  are  distributed  over  their  whole  surface  :  perianth  2  +  2 ;  the  two  outer 
segments  of  the  perianth  of  the  $  flower  are  larger  than  the  inner  segments 
(Fig.  378  B).  In  the  former  species  the  ^  and  $  flowers  are  contained  in 
the  same  panicle,  and  the  floral  axis  is  but  feebly  developed;  in  the  latter 
they  are  on  different  plants,  and  the  axis  is  well  developed  and  bears  leaves. 
Bdhmeria  nivea^  a  native  of  China  and  Japan,  has  strong  bast-fibres  used  for 
weaving  the  material  known  in  England  as  Grass-cloth.  Parietaria  officinalis^ 
Wall-PelUtory,  having  polygamous  flowers  with  a  gamophylloaa  perianth,  and 
destitute  of  stinging-hairs,  occurs  occasionally  on  walls,  by  roadsides,  etc. 

Order  2.  Morackj:.  Ovary  gener- 
ally dimerous,  and  sometimes  bilocu- 
lar  (Artocarpus)  :  ovule  suspended, 
anatropous  or  campy]  otropous,  more 
rarely  basal  and  orthotropous :  seed 
with  or  without  endosperm ;  the  fruit 
is  enveloped  by  the  perianth  (usually 
2  +  2),  which  becomes  fleshy,  or  by  a 
fleshy  floral  axis.  Trees  and  shrubs 
with  milky  juice,  scattered  leaves  and 
caducous  stipules. 

Morus  alba  and  nigra  (Mulberry)  come  from  Asia ;  the  flowers  are  disposed 
in  short  catkins  ;  the  catkins  are  borne  singly  on  shoots,  which,  at  the  time  of 


Fxo.  878.— i4  staminal  g ;  B  cnr- 
pellary  9  flowers  of  the  Stinging 
Nettle,  Urtica  :  p  perianth  ;  a 
stamen  ;  n'  rudimentary  ovary  of 
the  6  flower ;  ap  outer ;  ip  inner 
whorl  of  the  perianth  ;  n  stigma  of 
the  $  flower  (mag). 
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floweriug,  are  still  buds,  and  they  contain  monosporangiate,  but  monoecion?, 
flowers ;  the  ?  flowers  pive  rise,  as  ripening  takes  place,  to  a  spurious  fruit 
(sorosis,  p.  528),  consisting  pf  spurious  drupes  formed  by  the  perianths.  Tlie 
leaves,  particularly  of  the  former  species,  are  the  food  of  the  silkworm.  Brout- 
tonetia  papyrifera  (Paper  Mulberry)  has  flowers  like  the  preceding,  but  they  arc 
dioecious:  the  bark  is  made  into  paper  in  China 
and  Japan.  Maclura  tinctoria^  in  Central  America, 
yields  Fustic,  a  dye.  Ficut  Cariea  is  the  Fig-tree  of 
Southern  Europe ;  the  fig  itself  (termed  a  syconus) 
is  the  deeply  concave  axis  of  the  inflorescence,  on  the 
inner  surface  of  which  the  flowers  and  subsequently 
the  fruit.<«,  in  the  form  of  hard  grains  (achenes),  are 
borne  (Fig.  379  mf) ;  the  cavity  is  closed  above  by 
small  bracts  (Fig.  379  b).  Fields  elastiea  is  the  Indisr- 
rubber  tree;  it  is  frequently  cultivated  in  rooms. 
F.  reMgiosa  and  other  East  Indinn  species  yield 
Caoutchouc,  which  is  their  inspissated  milky  juice 
(latex).  Ficiu  indica  is  the  Banyan.  Artocarpuis 
incisa  is  the  Bread-fruit  tree  of  the  South  Sea  Islands ; 
the  large  spurious  fruit  (sorosis)  of  this  tree  is  roasted 
and  eaten  as  bread.  Galactodendron  utile,  the  Cow- 
tree  of  Columbia,  has  a  nutritious  latex,  while  that  of  Antiarit  toxicaria  (Java) 
is  poisonous. 


FiQ  379.— Longitudinal 
section  of  a  Fif?  (nat.  aize) : 
a  a  flesh  J  axis  of  the  in- 
florescence ;  /  $,  m  <J, 
flowers ;  6  bracts. 


Order  3.  Canxabinace^.  Ovary  dimerous,  unilocular  :  ovule 
suspended,  campylotropous  :  seed  with  endosperm.  Flowers 
diopcious :  the  (J  flowers  (Fig.  380  A)  have  a  5-partit6  perianth 
and  5  short  stamens ;  the  ?  flowers  have  a  tuhular  entire  perianth 
(Fig.  380  B,  p)  enclosed  in  a  bract  (Fig.  380  B,  d).     Herbs  with 

decussate   leaves — at    least    the 
P  ^  lower  ones — and  persistent  stip- 

ules ;  devoid  of  latex. 

Cannabi*  itativa,  the  Hemp,  a  native 
of  Asia,  is  cultivated  throughout  Europe. 
The  S  inflorescences  are  panicled  di- 
chasia  or  soorpioid  cymes,  and  are  dis- 
posed on  both  sides  of  a  rudimentary 
>>hoot  at  the  apex  of  the  plant ;  the  $ 
flowers  are  placed  singly  on  both  sides  of 
a  similar  shoot,  which  bears  secondary 
shoots  in  the  axils  of  its  leaves,  each 
having  two  flowers.  The  tough  bast- 
fibres  are  used  in  weaving  and  for  ropes ; 
the  seeds  contain  a  great  deal  of  oil. 
cultivated  and  found  wild.  The  stem, 
the  right,  bears  its  leaves  in  pairs ;  each 


Fig.  380.—^  <J  flower  of  the  Hop  :  p 
the  perianth ;  a  stamens.  B  Part  of  $ 
inflorescence :  p  perianth  ;  /  ovary,  with 
two  stigmata  (n) ;  each  flower  is  enclosed 
in  its  bracteole  (d) ;  «  scale,  i.e.  one  of  the 
two  stipules,  from  the  common  axil  of 
which  the  branch  bearing  the  flowers 
springs. 

Humulus  LvpvluSf  the  Hop,  is  both 
which  has  the  pecuharity  of  twining  to 
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leaf  has  a  pair  of  membranons  stipales.  In  the  inflorescence  the  leaves  (bracts) 
are  placed  singly,  and  are  finally  represented  only  by  their  stipule ).  In  the  $ 
inflorescence,  which  somewhat  resembles  a  fir-cone,  a  rudimentary  shoot  is 
present  in  the  common  axil  of  each  pair  of  stipules,  and  bears  two  flowers 
on  each  side  ;  it  seems  at  first  sight  as  if  two  flowers  were  developed  in  the  axil 
of  each  stipule  (Fig.  380  B).  All  the  scaled  and  bracts  are  covered,  especially  on 
the  upper  surface,  with  numerous  yellow  glands.  In  the  S  inflorescence  the 
shoot  which  bears  the  flowers  is  well  developed. 

Order  4.  Ulmaceje.  Ovary  dimerous^  sometimes  bilocular,  bat 
genei^lly  unilocular  by  abortion.  Ovule  suspended  and  solitary. 
Flowers  mostly  ambisporangiate,  -vvitb  a  4-6-partite  perianth 
(Fig.  381  A).  Woody  plants  devoid  of  milky  juice  :  leaves  alter- 
nate, with  caducous  stipules.  The  inflorescences  (glonierules)  are 
borne  directly  in  the  axils  of  the  leaves. 

In  the  genus  Ulmus  the  compact  dichasial  inflorescences  are  developed  in  the 
axils  of  the  leaves  (either  persistent  or  deciduous),  of  the  previous  year,  and 
they  are  invested  by  bud-scales;  one  or  more 
flowers  are  developed  in  the  axil  of  each  of  the 
more  internal  scales  (bracts),  and  they  open  before 
the  unfolding  of  the  leaves.  The  ovary  is  some- 
times bilocular.  The  fruit  is  a  samara,  that  is, 
an  achene  with  a  broad  membranous  wing  (Fig. 
381  B),     The  leaves  are  alternate,  and  always 

oblique.     The  annual  shoots   have  no  terminal         _        ^„,      .     „, 
^    -^       -        ,,        ,  ,.  r«  ^lo.     381.~X     Flower    of 

bud,  andsotheyformasympodium.  Two  species  u,,^,^  montana  (m»g.):  d 
of  Elm  are  indigenous  in  England.  Ulmus  cam-  bract ;  p  perianth ;  a  stamens. 
petirit,  the  common  Elm,  and  Ulmus  montana^  B  Fruit  (samara)  (nat.  size) : 
the  broad-leaved  Wych,  or  Scotch,  or  Mountain  ^^.^  membranous  margin 
Elm:  the  former  has  rather  slender  branches,  ^^ 
leaves  with  distinct  petioles  and  crenate  serrate  margins,  somewhat  narrow  at 
the  base,  and  a  seed  which  is  above  the  centre  of  the  samara ;  the  latter  has  thick 
horizontally-spreading  branches,  leaves  with  very  short  petioles  and  doubly 
serrate  margins,  broad  at  the  base,  and  a  seed  which  is  ceutral  in  the  samara. 
CeWs  auttralis^  from  Soathern  Europe  and  C.  occidentalism  from  North  America, 
are  often  cultivated  as  ornamental  trees ;  their  flowers  are  polygamous,  and 
are  placed  singly  or  several  together  in  the  axils  of  the  oblique  accuminate 
leaves :  the  fruit  is  drupaceous. 

Cohort  III.  Amentales.  The  flowers,  which  are  always  dicli- 
nous and  generally  monoecious,  are  arranged  in  catkins  (amenta). 
The  perianth,  when  it  is  present,  consists  typically  of  5  (f ) 
segments  ;  or  it  may  deviate  from  the  type  so  as  to  consist  of  four, 
(i.e.  2-1-2),  or  six  (i.e.  3  +  3)  segments  :  the  stamens,  when  their 
position  can  be  determined,  are  superposed  on  the  segments  of  the 
perianth  for  the  reason  given  in  the  case  of  the  Urticales  (see  p.  576). 
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The  OTarj  is  either  superior  or  inferior,  di-  or  tri-merons,  with  few 
ovules.  The  fruit  (with  the  exception  of  Order  7,  the  Salicacese) 
becomes  by  abortion  one-seeded,  and  is  indehiscent :  the  seed  has 
no  endosperm.  The  flowers  are  furnished  with  bracts  which  often 
form  investments  for  the  fruit :  their  arrangement  in  most  of  the. 
orders  is  as  follows  ;  in  the  axil  of  a  scaly  bract  (the  bractfl  being 
arranged  spirally  in  the  amentum)  is  a  flower  (b)  with  two 
bracteoles  a  and  fi,  in  the  axil  of  each  of  which  is  another  flower 
with  two  more  bracteoles  a'  and  fi'  (Fig.  382).  The  plants  are 
trees  and  shrubs. 

Order  1.  Betulace2E.  The  flowers  are  monoecious,  but  in  dif- 
ferent catkins.  The  ?  flowers  have  no  perianth :  the  ovary  is 
bilocular,  with  two  ovules :  the  fruit  is  one-seeded,  indehiscent. 


Fig.  362.— Typical  diagram  of 
a  group  of  flowers  in  the  Amen- 
tales :  d  bract ;  h  the  median 
flower  with  its  bracteoles,  a  and 
Pi  b'6"  the  two  lateral  flowers* 
with  their  bracteoles  a'  and  /3'. 


Fio.  383.— ii  Scale  from  a  i  catkin  of 
Alnu9  incana:  the  axillary  branch  adheres 
to  the  scale  (»),  it  bears  fonr  bracteoles  and 
three  flowers :  two  of  the  flowers  are  seen 
laterally  (b'  b').  the  median  one  from  above ; 
p  perianth ;  a  stamens.  B  Bract  («)  of  a  9 
catkin  of  the  same  plant :  iU  axillary  branch 
bears  two  lateral  branches,  each  of  which 
bears  two  bracteoles  («  «)  and  one  flower ;  / 
the  ovary;  n  the  stigmata  (magnified  and 
diagrammatic). 

without  any  investment :  the  bract  is  coherent  with  the  two  or  four 
bracteoles  (the  bracteoles  a'  are  always  absent)  to  form  a  three- 
or  five-lobed  scale,  which  does  not  adhere  to  the  fruit. 

Alnus,  the  Alder.  In  the  ^  amenta  three  flowers  with  four  bracteoles 
(a,  ^,  p^  p)  occur  in  the  axil  of  the  bract,  each  flower  having  a  perianth  of 
four  segments,  and  four  unbranched  stamens.  In  the  $  amenta  the  median 
flower  is  absent ;  the  four  bracteoles  coalesce  with  the  primary  bract  (Fig.  883  B, 
V  s)  to  form  a  five-lobed  woody  scale  which  persists  after  the  fall  of  the  fruit 
which  is  not  winged.  The  ^  catkins  are  borne  terminally,  and  the  $  laterally 
on  the  highest  lateral  branch,  on  the  shoots  of  the  previous  year;  they  are  not 
enclosed  by  bnd-scales  during  the  winter,  and  blos&oming  takes  place  before 
the  unfolding  of  the  leares.  The  leaves  have  usually  a  ^  arrangement:  in 
A.  incana,  the  White  Alder,  the  leaves  are  acumiiate  and  gray  on  the  under 
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surface ;  in  A,  glutinona,  the  blaok  or  commoa  Alder,  they  are  obovate  or  even 
emarginate,  and  green  on  both  surfaces.  In  Alntu  viridiSt  the  mountain  Alder, 
only  the  ^  catkins  are  destitute  of  bud-scales  in  the  winter :  the  fruit  is  winged. 
Betula,  the  Birch.  In  both  kinds  of  catkins  the  three  flowers  have  only  the 
braoteoles  a  and  p.  In  the  S  flowers  the  perianth  is  usually  incomplete,  and 
there  are  only  two  stamens,  the  filaments  of  which  are  forked.  In  the  $ 
catkins,  the  two  bracteoles  cohere  with  the  bract  to  form  a  three-lobed  scale 
which  falls  off  together  with  the  winged  fruit.  The  ^  catkins  are  borne  ter- 
minally on  the  shoots  of  the  previous  year,  and  are  not  covered  with  bud- scales 
during  the  winter ;  the  9  catkins  are  borne  terminally  on  lateral  dwarf-shoots 
which  have  only  a  few  leaves,  and  they  are  enclosed  by  bud-scales  during  the 
winter;  as  a  consequence,  flowering  takes  place  after  the  unfolding  of  the 
leaves.  The  shoots  of  successive  yeais  form  sympodia,  and  the  leaves  are 
arranged  spirally.  B.  verrucosa  has  white  glands  on  the  leaves  and  young 
shoots :  B,  pubetcens  has  no  glands,  but  the  shoots  are  hairy  ;  it  is  a  northern 
form :  B.  fruticota  and  B,  nana  are  shrubs  occurring  in  high  latitudes :  B,  atla 
is  the  common  Birch. 


Order  2.  Corylaceji.  Flowers 
monoecious,  in  (J  and  ?  catkins. 
The  (J  flowers  have  no  perianth  ; 
that  of  the  ?  flower  is  radi- 
mentary.  The  inferior  ovary  is 
bilocnlar ;  one  locnlns  is  sterile, 
the  other  contains  two  sus- 
pended anatropons  ovnles:  the 
f rait  is  one  seeded  and  indehis- 
cent  (a  nnt).  Two  flowers  ai*e 
borne  in  the  axil  of  the  bract  of 
the  ?  catkin,  the  median  flower 
being  absent.  The  one-seeded 
fruit  is  snrrounded  by  a  leafy 
investment  (cupnle)  formed  by 
the  three  bracteoles  (a  a^^^  and 
fi  a^  P^  respectively,  Fig.  382)  of  each  side.  In  the  (J  catkin  the 
median  flower  only  is  developed  :  the  filaments  of  the  stamens  are 
deeply  forked. 


Fio.  38  k— iilnu«  glulinota,  A  Branch 
bearing  catkins  (in  winter).  B  a  groap  of 
i  flowers  (from  aboTe).  C  The  same  after 
removal  of  flowers  (lateral  view).  B  Group 
of  $  flowers,  seen  from  within.  ¥  The 
same  after  the  removal  of  the  flowers.  O 
a  scale  from  the  $  catkin :  b  bract ;  a,  fi,  /3' 
braoteoles. 


In  Gorylus,  the  Hazel,  the  ?  catkin  resembles  a  bud,  since  the  external 
sterile  bracts  have  the  same  strnoture  as  the  bud-scales  (Fig.  885  B) ;  the  red 
stigmata  project  at  the  top ;  the  investment  of  the  fruit  is  irregularly  cut ;  a 
small  projection  is  formed  on  the  fruit,  the  nut,  by  the  remains  of  the  epigynous 
perianth.  Each  bract  of  the  S  amentum  bears  two  braoteoles  a  and  /3,  and  a 
flower  consisting  of  four  forked  stamens  (Figs.  385-6).  Both  kinds  of  amenta 
are  placed  in  the  axils  of  the  leaves  of  the  previous  year,  and  are  not  enclosed 
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by  scales  during  the  winter  ;  hence  flowering  takes  place  before  the  unfolding 
of  the  leaves.  Leaves  distichous.  C.  Avellana  is  the  common  Hazel ;  a 
variety  of  C.  tuhulosa,  with  red  leaves,  the  Purple  or  Blood  Hazel,  is  cultivated 
as  an  ornamental  shrub. 

In  Carpinus,  the  Hornbeam,  the  fruit  has  a  three-lobed  cupule  (Fig.  387), 
the  fruit  is  ribbed  and  is  surmounted  by  the  perianth.  The  bract  of  the  S 
catkin  bears  4-10  deeply  forked  stamens  ;  there  are  no  bracteoles.  The  catkins 
of  both  kinds  are  borne  at  the  apex  of  short  leafy  shoots  of  the  same  year, 
hence  flowering  takes  place  after  the  unfolding  of  the  leaves.  Leaves  distichoun. 
The  annual  shoots  form  sympodia.  C.  Betuhis  has  an  irregular  stem  and 
ferrate  leaves  which  are  plicate  along  the  lateral  veins.  In  Ostrya  (Southern 
Europe)  the  investment  of  the  fruit  is  an  open  tube. 


Fio.  386.— Coryltt*  Avellana,  A 
Flowering  branch.  B  i  flower 
with  ito  bract.  C  Bract  after  the 
removal  of  the  anthers.  F  Groap 
of  $  flowers  seen  from  within  : 
b  braot. 


Fie.  386.— CoryltM  Avtllaha.  A  Bract  («)  of  a 
i  catkin,  with  a  i  flower:  stamens  (/),  and 
anthers  (a).  B  9  catkin:  the  lower  bracts  («) 
have  no  flowers :  the  stigroata  (n)  project  above. 
C  A  single  $  flower  sarronnded  by  the  cupule 
(bracteoles)  (c),  with  two  stigmata  (n)  (mag. 
and  diag.) 

OitJer  3.  Fagaceje.  Flowers  monoecions,  with  a  penanth  of 
five  or  six  segments.  Ovarj  inferior,  trilocalar,  with  two  ovules 
in  each  loculus ;  ovules  anatropous,  ascending  or  suspended ;  the 
fruit  is  one- seeded  and  indehiscent  (a  nut);  it  is  invested  by  a 
cupule  formed  probably  by  the  connate  bracteoles  a'  fi'  a  ft'  (Fig. 
382),  and  having  its  surface  covered  with  scales,  prickles,  etc. 
The  filaments  are  not  forked. 

In  Querous,  the  Oak,  the  S  catkins  are  loose ;  each  bract  bears  a  single 
flower  in  its  axil  without  bracteoles :  the  perianth  is  6-7  lobed,  and  the  stamens 
from  5-10  or  indefinite  (Fig.  388  A),  There  is  a  single  flower,  the  median  one, 
in  the  axil  of  each  bract  of  the  $  catkin ;  thus  the  cupule  invests  only  a 
single  fruit,  and  forms  the  so-called  cup  at  its  base.  The  leaves  are  developed  in 
%  order,  and  are  aggregated  towards  the  apices  of  the  annual  shoots ;  the  annual 
shoots  ar6  always  terminal.    The   ^   catkins  are  borne  in  the  axils  of  the 
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uppermost  bud- scales  (pairs  of  stipules)  on  both  long  and  dwarf -shoots  of  the 
same  year ;  the  $  catkins  in  the  axils  of  the  foliage-leiives  of  the  terminal 
shoots :  flowering  takes  place  shortly  after  the  unfolding  of  the  leaves.  The 
ovules  are  ascending.  The  hypogean  cotyledons  remain  enclosed  in  the  testa 
during  germination.  Quercui  Robur  is  the  English  species,  of  which  there  are 
two  varieties,  Q  tier  cm  pedunculat'Ji  and  Quercns  SMsiliJhra :  the  former  has 
elongated  $  catkins,  so  that  the  fruits  are  widely  separated  from  each  other, 
and  its  pinnately  lobed  leaves  are  shortly  stalked  and  Oordate  at  tbe  base : 
the  latter  has  compact  ?  catkins,  so  that  the  fruits  form  a  cluster,  and  its 
le*ves  have  longer  petioles,  and  are  narrowed  at  the  base.  Quercus  Suber  is 
tbe  Cork-Oak  of  Southern  Europe.  There  are  also  several  North  American 
species. 

In  Fagus,  the  Beech,  tbe  catkins  of  both  kinds  are  stalked  dichasial  clusters, 
borne  each  in  the  axil  of  a  foliage-leaf.  The  flowers  have  no  bracts,  or  braoteoles, 
except  the  oupule  of  the  ?  flower.    The  flowers  of  the  pendulous  ^  catkin  are 


Fio.  887.  -  Pruit  of 
Carpinu*  Betultu  with 
three-lobed  oupule. 


Fio.  98S.—Qaercu»  p^duneulata,     A  S  flowor  ma^ifled 
)>  perianth ;  a  stamous.    B  $  flower  magnified :  d  bract ;  c 
oupule ;    p  the  epigynous  perianth ;  g  the   stjle ;   n  the 
stigma.    C  The  same,  etill  more  magnified,  in  longitudinal 
section;  /ovary  ;  «  ovules. 


closely  packed ;  they  have  a  perianth  of  4-7  segments,  and  8-12  stamens.  The 
erect  $  catkin  consists  of  two  flowers  only,  which  are  invested  by  a  tetramerous 
oupule.  The  cnpule  is  covered  with  hard  bristles,  and  when  ripe  splits  into  four 
valves  to  allow  the  two  triquetrous  fruits  to  escape ;  each  fruit  bears  at  its  apex 
a  brush-like  remnant  of  the  perianth.  The  ovules  are  suspended.  The  $ 
inflorescences  are  borne  on  erect  axes  in  the  axils  of  the  leaves  of  the  apical 
shoot  of  the  same  year,  the  ^  on  pendulous  axes  springing  from  the  axils  of 
the  lower  leaves  of  the  shoot.  Leaves  distichous,  approaching  each  other  on 
the  under  surfaces  of  the  shoots,  their  axillary  buds  approaching  each  other  on 
the  upper  surface :  the  winter  buds  are  elongated  and  pointed.  The  epigean 
cotyledons  escape  from  the  seed  on  germination.  Fagm  gylvatica  is  the 
common  Beech  :  varieties  with  tinted  leaves,  such  as  the  Purple  Beech  and  the 
Copper  Beech,  are  commonly  cultivated. 
In  Castanea,  the  edible  or  Spanish  Chestnut,  some  of  the  catkins  consist  at 
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their  lower  part  of  ?  flowers  and  at  their  upper  of  ^  flowers,  whilst  others 
have  only  ^  flowers.  In  the  axil  of  each  hraot  there  are  Dsaally  either  seyea 
<J  or  three  9  flowers :  the  latter  are  invested  hy  the  bracteoles  a  and  /5,  and 
by  a  oupnle  formed  by  the  other  foar  bracteoles ;  the  cupale,  which  is  covered 
with  prickles,  completely  encloses  the  fruit  until  it  is  ripe,  when  it  splits  into 
four  valves.  Both  kinds  of  catkins  are  formed  in  the  axils  of  leaves  of  shoots 
of  the  same  year,  the  mixed  catkins  being  nearer  to  the  apex  than  the  ^  ones. 
The  ovules  are  suspended.  The  leaves  are  arranged  spirally  on  vigorous  shoots  ; 
they  are  distichous  on  the  less  vigorous  lateral  shoots.  C.  vulgaris,  from 
Southern  Europe,  is  cultivated  in  parks ;  it  has  undivided  toothed  leaves. 

Order  4.  Juglandacej:.  Flowers  monoecions,  the  two  kinds  of 
flowers  being  contained  in  distinct  catkins.  Each  bract  bears  in  its 
axil  a  single  flower  with  two  bracteoles.  Tbe  ?  flower  has  nsuall  j 
a  perianth :  the  inferior  ovary  is  dimerous,  and  encloses  a  single 
erect  orthotropons  ovule.  The  cf  flowers  are  usually  borne  on  the 
bract ;  they  may  or  may  not  have  a  perianth,  and  the  stamens  are 

indefinite  (Fig.  SS9A),  The 
fruit  is  drupaceous;  the 
leaves  are  pinnate,  and,  like 
the  flowers,  they  are  aro- 
matic. 

In  Juglans  the  ^  catkins  are 
borne  ou  the  apices  of  the  leafless 
Fie.  S88.— ^  Bract  of  the  6  catkin  of  Juglant      shoots  of  the  previous  year,  and 
nigra  bearing  a  flower :  p  perianth  and  bracteoles ;       ^jj^  f  ew-flowered  ?  catkms  on  the 
«  stamens ;   te  axis  of  the  catkin.    B  $  flower  .  *  xi.     i     «      u     a      #  au 

of  the  same  plant:  I  bracteoles;  c  perianth;  «  *P»^»  ^^  ^^  ^^^^y  «^«^*«  ^^  ^^^ 
stigmata  (magnified).  same  year.   The  hracteoles  of  the 

?  flowers  (Fig.  389  /)  (.row  up 
around  the  ovary.  The  succulent  mesocarp  is  thin,  and  ruptures  irregularly ; 
the  hard  endocarp  opens  on  gf-rmination  along  the  line  of  junction  of  the  two 
carpels,  and  then  the  incurved  margins  of  the  carpels  are  seen  as  an  incom- 
plete longitudinal  septum  projecting  between  the  two  cotyledons  of  the  embrvo 
which  is  closely  invested  by  the  endocarp.  J,  regia,  the  Walnut  Tree,  is  a 
native  of  Southern  Europe  :  in  North  America,  J,  einerea  and  myra  occur;  a^so 
various  species  of  Garya,  the  Hickory,  remarkable  for  its  very  hard  wood. 

Order  5.  MYRiCACEiE.  Trees  or  shrabs ;  the  flowers,  which  are 
dicliDons  and  sometimes  dioecious,  are  arranged  in  catkins ;  perianth 
absent.  The  ovary  is  dimerous  and  unilocular,  with  one  erect 
orthotropous  ovule. 

Myrica  Gale,  the  Bog-Myrtle,  is  a  shrub  occurring  on  moors.  M,  eerifera^ 
belonging  to  North  America,  secretes  a  quantity  of  wax  on  its  drupaceous 
fruits. 
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Order  6.  Casuarinace.d.  Trees  having  somewhat  the  appearance 
of  Horse-tails  (Equisetum),  with  long  channelled  intemodes,  and 
leaves  forming  a  toothed  sheath.  The  monoecious  flowers  are  in 
distinct  catkins;  the  (J  flowers  consist  of  a  single  axial  stamen 
(see  p.  78)  and  two  perianth-loaves :  the  ?  of  a  dimerous  uni- 
locular ovarj  invested  by  two  bracteoles,  which,  when  ripe,  are 
hard  and  woodj  ;  the  whole  ?  catkin  then  resembles  a  pine-cone : 
ovules,  generally  two,  orthotropus,  ascending.  (For  peculiarities 
of  fertilisation,  etc.,  see  p.  528.) 

Several  species  of  Casaarioa  are  indigenous  in  Australia. 

Order  7.  Salicace^.  The  dioecious  flowers  are  arranged  in 
amenta,  and  they  are  borne  in  the  axils  of  the  bracts  without  any 
bracteoles.  There  is  no 
perianth,  but  each  flower 
contains  a  glandular  disc 
or  nectary.  The  ovary  is 
dimerous  and  unilocular, 
and  contains  a  number  of 
parietal  ovules.  The  de- 
hiscence of  the  fruit  is 
loculicidal ;  the  numerous 

J  -         •  1     J         •  1  Fia.  390.— il  <J,  B  $  flower  of  Salix :   d  bract; 

seeds   ai^    furnished    with       ^  disc;    a    stameng;   /  ovary;   n  Btigmata   (en- 
a  pencil  ef   silky  hairs  at       larged).   CDehiscect  fruit  of  the  Poplar-.  «  seeds; 

their  bases  (p.  459).     The     ^  ^^' 

catkins  are  developed  at  the  ends  of  lateral  dwarf-shoots  which 

always  bear  scales  or  even  a  few  foliage-leaves. 

Salix,  the  Willow  or  Sallow,  has  entire  bracts,  a  one  or  two- toothed  nectary 
in  each  flower,  and  nsaally  two  stamens,  entire  shortly- stalked  leaves,  and  its 
winter-buds  are  covered  by  a  scale  which  is  formed  bj  the  coalescence  of  two. 
The  shoots,  which  grow  thronghont  the  summer,  die  down  yearly.  Some  species, 
such  as  S,  alba^  fragility  and  habyUmica^  the  Weeping  Willow,  have  pendaloas 
branches,  and  are  arborescent :  most  of  them  are  shrubby,  and  some,  such  as 
S,  reticulata^  retwta^  and  herbacea  are  small  decumbent  shrubs  occurring  in  the 
Alps  and  in  high  latitudes.  In  S,  purpurea  and  incana  the  two  stamens  are 
connate  :  ;S'.  triandra  has  three  stamens.  Most  of  the  species  grow  on  the  banks 
of  rivers ;  S.  aurita  and  caprea  in  forests,  and  S.  repens  and  others  on  moors. 

Populus,  the  Poplar,  has  toothed  or  lobed  bracts,  a  cup-shaped  nectary  (Fig. 
890  C,  p),  and  numerous  (4-30)  stamens  ;  the  leaves  are  often  lobed  and  have 
long  petioles ;  the  winter-buds  are  enclosed  by  a  number  of  scales  ;  the  shoots 
have  a  terminal  bud.  In  the  Section  Leuce  the  young  shoots  are  pubescent, 
and  the  buds  are  not  viscid ;  the  ^  flowers  have  usually  only  from  4rS  stamens, 
and  the  stigmata  have  2-4  lobes :  to  this  section  belong  P.  albot  the  While 
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Poplar  or  Abele.  with  five-lobed  leaves  on  the  elongated  shoots,  which  are  white 
and  woolly  beneath ;  and  P,  Tremula^  the  Aspeo,  with  sinnate-serrate  leaves, 
glabrous  beneath,  which  are  versatile  on  the  long  slender  and  compressed 
petiole,  and  which  are  therefore  very  readily  set  in  motion  by  the  wind.  In  the 
Section  Aigeiros,  the  young  shoots  and  the  buds  are  viscid  and  glabrous ;  the 
bracts  are  glabrous,  and  the  number  of  stamens  is  usually  from  15-30 ;  the 
stigmata  are  entire  or  shortly  lobed  :  to  this  section  belong  P.  nigra^  the  Black 
Poplar,  and  a  variety  with  erect  branches,  the  Lombardy  Poplar  ;  of  the  latter, 
only  ^  individuals  are  usually  cultivated.  In  the  Section  Tacamahaca,  the 
young  shoots  and  bads  are  viscid ;  the  leaves  grey  below,  with  compressed 
petioles  ;  and  the  stamens  20-30 :  to  this  section  belongs  P.  haUamifera  of 
North  America  and  Siberia. 

Cohort  IV.    Proteales.    Characters,  those  of  the  natural  order. 

Order  1.  Proteacej:.  Affinities  doubtful.  Flowers  arabispor- 
angiate ;  the  very  short  stamens  are  superposed  on  the  four  seg- 
ments of  the  simple  perianth,  and  are  adnate  to  them  (Fig.  391  B)  : 


D  y 


Pig.  391.— Flower  of  'ilan>iUsifi  jlab.afo.    A  Before  Pio.  392.— Flower  of  Cheno. 
openlnff.    Ji  Open :  p  segment  of  the  perianth ;  a  podlmn    (enlarged) :    \   peri- 
anther;  n  Etigma.    C  Ovary  (below)  in  longitndinal  antb;   a  stamens;  /  ovary; 
section  ;  9p  gynophore.      D  Transverse  section  of  n  stigma, 
the  ovarj.    £  Ripe  fruit.    (After  Sachs.) 

when  the  flower  opens,  the  tube  of  the  perianth  often  becomes  still 
more  deeply  cleft:  the  superior  monomerous  ovary  is  usually 
borne  upon  a  prolongation  of  the  axis  (Fig.  391  0,  gp) :  OTules  one 
or  more,  ascending :  seeds  without  endosperm. 

Protea,  Grevillea,  Manglesia,  and  others  oociir  mostly  in  South  Africa  and  in 
Aastralia. 

Cohort  V.  Chenopodiales.  Flowers  usually  ambisporangiate ; 
perianth  sepaloid  or  petaloid  :  ovary  monomerous  or  polymerous  ; 
ovule  usually  solitary ;  embryo  coiled  or  curved :  ripe  seed  con- 
tains  perisperm,  but  no  endosperm. 
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This  cohort  is  sometimes  placed,  though  apparently  without  sufficient  reason, 
in  the  sub-class  Thalamidorte  close  to  the  Caryophyllacefe,  with  which  order  it 
is,  however,  connected  by  the  Phytolaccacefe. 

Order  1.  Chenopodiacej:.  Flowers  small,  united  to  form  a 
dense  inflorescence ;  the  bracteoles  are  frequently  suppressed. 
Stamens  typically  equal  in  number  to  and  superposed  on  the 
usually  four  (2  -I-  2)  or  five  (f )  free  or  connate  sepaloid  perianth- 
leaves  for  the  same  reason  as  in  the  Urticales  (p.  576)  (Fig.  392). 
Ovary  usually  medially  dimerous  and  unilocular,  with  a  single 
campylotropous,  erect  or  horizontal,  basal  ovule.  Stipules 
wanting. 

Chenopodium  album ^  the  Goose-foot,  and  C.  Bonus  Heuriau^  the  All-good, 
are  common  weeds  on  garden-ground  and  waste  land.  Spinacia  oUracea  is 
Spinach,  cultivated  as  a  vegetable.  Beta  vulgaris  is  cultivated  under  the  var. 
Cicla  (Mangold) ;  B,  altissima  is  the  species  used  in  the  manufacture  of  sugar, 
and  U.  rubra  is  the  red  Beetroot ;  B,  maritima  is  the  wild  Beet.  Salsola,  the 
S«lt-wort,  and  its  allies,  Suieda,  the  Sea-blite,  and  Salicornia,  the  Marsh- 
Samphire  or  (Hass-wort,  with  fleshy  stems  and  leaves,  are  conspicuous  in  the 
vegetation  of  the  sea-shore?    Atriplex,  the  Orache,  is  the  other  British  geuus. 

Order  2.  Amauantacej:.  The  flowers  have  the  same  structure 
as  those  of  the  preceding  family:  they  usually  have  bracteoles 
which  are  frequently  petaloid :  perianth  sometimes  petaloid  :  ovary 
unilocular,  apparently  di-  or  tri-merons:  ovule  solitary  and  basal, 
but  in  some  cases  (Celosia)  the  ovules  are  numerous.  Stipules 
absent.     The  flowers  usually  form  dense  inflorescences. 

Species  of  Amsranthus  and  Celosia  (Cock*s-oomb),  the  latter  having  a  mon- 
strous floral  axis,  are  well  known  as  ornamental  plants.  Amaranthus  Blitum  is 
found  wild  in  Britaiu. 

Order  3.  Phy tolaccace je.  The  flowers  have  a  simple,  gener- 
ally 5-leaved,  perianth  which  is  often  peta-  ^ 
loid,  and  there  are  frequently  two  regularly 
alternating  whorls  of  stamens  ;  when  there 
is  but  one  whorl  of  stamens  they  are  some- 
times superposed  on  the  perianth -leaves 
(Micretea)  ;  the  number  of  the  stamens  in 
one  or  both  whorls  is  in  many  cases  doubled 

(Fig.  393):    the  number  of  carpels  varies        f.^.  m-Diirram  of  the 
very  much  ;  when  the  ovary  is  polymerons      flower  of  Phytolacca  decan- 
it  is   multilocular,   each   Icxjulus    contain-      **'"• 
ing  a  single  ascending  ovule.     Stipules  occasionally  present. 
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The  jaice  of  the  berries  of  Phytolacca  decandra^  a  native  of  North  America,  is 
need  as  a  eoloaring-matter  in  the  manafactare  of  wine  and  in  other  processes. 

Order  4.  Nyctaginacejc.  Perianth  a  simple  whorl,  petaloid, 
gamophylloas,  5-leaved ;  the  basal  portion  persists  as  an  investment 
to  the  frait,  often  becoming  succulent  or  woodj:  stamens  in 
greater  or  smaller  numbers  (1-30) ;  when  isomerous  they  usually 
alternate  with  the  perianth-leaves,  but  are  sometimes  opposite  to 
them  (Colignonia)  :  ovary  monomerous,  unilocular,  with  one  basal 
campylotropous  ovule ;  the  flowera  are  surrounded  by  an  involucre 
or  epicalyx  of  3,  5,  or  many  bracts,  enclosing  1,  3,  or  many  flowers. 

"MirahilU  Jalapa,  the  Marvel  of  Peru,  is  an  ornamental  plant  from  America  ; 
the  roots  are  nften  substituted  for  those  of  the  true  Jalap.  Whilst  generally 
sepaloid,  the  involacre  is  petaloid  in  Boogainvillea  where  it  encloses  three 
flowers,  and  in  Tricycla  where  it  encloses  bat  one :  in  the  la'ter  case,  as  the 
single  flower  appears  to  be  terminal,  the  involacre  may  be  more  correctly  des- 
cribed as  an  epicalyx  of  bracteoles  (see  p.  494).  The  embryo  of  Abronia  is 
pseudo-monocotyledonou  s. 

Cohort  VI.  Asarales.  Aflinities  doubtful.  Flowers  mono-  or 
ambi-sporangiate :  ovary  inferior  :  ovules  numerous. 

Order  1.  Aristolochiace^.  Flowers  3-6-merous,  ambispoi-an- 
giate :  perianth  of  three  connate  petaloid  segments  forming  a  three- 
lobed  tube :  stamens  6  or  12,  with  extrorse  anthers :  ovary  usually 
6-Iocular,  with  numerous  ovules  in  two  longitudinal  rows  along  the 
inner  angles  of  each  loculus.  The  minute  embryo  is  enclosed  in 
the  copious  endosperm.  They  are  herbs  or  shrubs,  often  climbing, 
with  large  leaves. 

In  Asarutn  eiiropaum  (Asarabacca)  the  three  lobes  of  the  perianth  are  equal ; 

alternating  with  them  are  three  scales  which  probably  represent  a  corolla  :  the 

twelve  stamens  (apparently  in  two  whorls) 

~  are  free,  and  the  connective  is  produced  (Fig. 

894).  The  annual  shoots  of  the  creeping  stem 
bear  four  cataphyllary  leaves,  two  large  petio- 
late  reniform  foliage-leaves,  and  a  terminal 
flower.  The  lateral  branches  spring  from  the 
axils  of  the  uppermost  foliage-leaf  and  of  the 
scales.  In  Aristolocliia,  the  Birth  wort  (see 
Fig.  298,  p.  456),  the  limb  of  the  perianth  is 
obliquely  lipped ;  the  six  antbers  are  sessile 
and  aduate  to  the  short  style  (see  p.  518j. 
A.  SipJio  is  a  climber  frequently  cultivated : 

Longitudinal  section  of  the  flower       ^'    Clematitu,    though    not    mJigenous,    is 

(mag.);  p  perianth.    (After  Suchs.)      found  wild  in  Britain,  generally  on  ruins :  the 
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flowers  of  the  latter  occur  usaally  several  together  in  the  axils  of  the  leaves, 
and  those  of  the  former  in  pairs,  one  above  the  other,  together  with  a  branch, 
in  the  axils  of  the  leaves  of  the  shoot  of  the  previous  year. 

The  presence  in  Asarum  of  what  is  apparently  a  corolla  renders  the  position 
of  this  order  among  the  Monoohlamydefe  rather  doubtfuL 

Order  2.  Cytinace^.  Parasites  devoid  of  cbloi'ophyll  and  with- 
out foliage-leaves,  with  a  usually  deformed  vegetative  bodj,  and 
either  solitary  flowers  of  remarkable  size,  or  small  flowers  in  a 
compact  inflorescence.  Flowers  of  various  structure,  mono-  or 
ambi -sporangia te :  perianth  campanulate :  the  stigmata  and  anthers 
are  borne  on  a  central  column:  ovary  generally  unilocular:  ovules 
very  numerous,  having  generally  one  or  two  integuments  :  embryo 
rudimentary :  seed  with  or  without  endosperm. 

Sub-order  1.  Cytikeje.  Flowers  monosporangiate.  Cytintu  HypocistU  is 
parasitic  on  the  roots  of  Cistus  in  Southern  Europe ;  another  species  occurs  in 
Mexico,  and  another  in  South  Africa. 

Sub-order  2.  Htdnorrje.  Flowers'  ambisporangiate.  Hydnora  is  parasitic 
on  the  roots  of  Eaphorbite,  etc.,  in  South  Africa ;  Prosopaoche  is  parasitic  on 
the  roots  of  Prosopis  in  South  America :  the  seed  contains  both  endosperm  and 
perisperm. 

Sub-order  8.  Ratflesiea.  Bafflesia  and  Brugmansia  are  parasitic  on  the 
roots  of  AmpelidaceaB  and  Leguminosffi  in  the  Malay  Archipelago :  Pilostyles 
belongs  to  tropical  South  America.  Rajlesia  Arnoldi  is  conspicuous  for  the 
enormous  size  of  its  flower.    Brugmansia  has  ambisporangiate  flowers. 

Cohort  VIL  Santalales.  Parasitic  plants:  leaves,  when 
present,  entire :  stamens  equal  in  number  to  the  leaves  of  the 
perianth  and  superposed  upon  them :  ovary  inferior,  unilocular  ; 
ovules  usually  devoid  of  integument. 

Order  1.  Santalace^.  Parasites  provided  with  chlorophyll : 
flowers  generally  ambisporangiate :  ovules  1-4,  suspended,  upon  a 
free  central  placenta :  peHanth  3-5-lobed ;  fruit  a  nut  or  drupe  : 
seed  with  endosperm. 

Thenium  linophyllum,  the  Bastard  Toad-flax,  is  an  indigenous  plant  which  is 
parasitic  on  the  roots  of  other  plants.  The  leaves  are  narrow  and  linear.  The 
bracts  of  the  flowers,  which  are  disposed  in  racemes,  are  usually  placed  high  up 
on  the  pedicels,  close  under  the  flowers,  and  in  most  of  the  species  constitute 
with  the  bracteoles  a  three-leaved  epicalyx.  The  stamens  are  filiform,  inserted 
at  the  base  of  the  lobes  of  the  perianth.  The  perianth  is  persistent,  remaining 
curled  up  at  the  apex  of  the  indehiscent  fruit  (Fig.  895  B).  Santalum  album, 
an  East  Indian  tree,  yields  Sandal-wood. 

Order  2.  Loranthacej:.  Parasites  provided  with  chlorophyll : 
flowers  mono-  or  ambi-sporangiate  j  sometimes  dioecious  :  perianth 
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of  4, 6,  or  8  leaves :  ovary  1-2-meroas :  in  the  free  central  placenta, 
which  becomes  more  or  less  closely  adherent  to  the  wall  of  the 
ovary,  are  developed  several  embryo- sacs,  each  of  which  probably 
represents  an  ovule,  but  usually  one  only  is  fertile :  fruit  a  berry : 
seed  generally  with  endosperm. 

Viscum  album,  the  Mistletoe,  is  parasitic  on  various  trees,  forming  conspicuons 
evergreen  banohes.  The  stem  bears  a  pair  of  opposite  leaves  (Fig.  896  b  &), 
from  the  axils  of  which  new  branches  spring,  each  bearing  a  pair  of  oataphyllary 
leaves  and  then  a  pair  of  foliage-leaves,  while  the  main  axis  ceases  to  grow,  or 
produces  a  terminal  inflorescence,  consisting  of  three  flowers  (Fig.  396  h  f) : 
branches  or  inflorescences  may  also  spring  from  the  axils  of  the  cataphyUary 
leaves.  The  flowers  are  dioecious.  The  fruit  is  a  one- seeded  berry  with  a  viscid 
pericarp,  by  means  of  which  the  seeds  become  attached  to  trees,  and  thus  efFeet 
the  distribution  of  the  plant.  The  ^  flowers  have  multilocular  sessile  anthers 
which  are  inserted  (Fig.  896  B  a)  upon  the  leaves  of  the  perianth.  Laranthus 
europaua  occurs  upon  Oaks  in  Etistern  Europe. 


Fig.  395.—^  Flower ;  B  fruit 
of  Thesium  montanum ; /ovary ; 
p  perianih ;  «  stamens ;  n  stigma 
(enlarged). 


Fig.  303.— j4  Terminal  shoot  of  a  $  plant  of  the 
Mistletoe,  Viscum  album :  «  stem ;  h  h  leares  ;  k  k 
axillary  buds ;  /  three  9  flowers  with  the  f mit  set ; 
h  bract«.  B  S  flower  (ma^.)  p  perianth ;  a  anthers 
adherent  to  the  leaves  of  the  perianth. 


Order.  3.  Balanophoracej:.  Parasites  devoid  of  chlorophyll 
and  without  foliage-leaves,  with  a  deformed  vegetative  body. 
Flowers  dioecious  or  monoecious,  in  many-flowered  inflorescences. 
The  staminate  flowers  have  usually  a  3-4-lobed  perianth.  The 
carpellary  flowers  have  usually  no  perianth,  and  consist  of  a  one- 
seeded  ovary  of  1-3  carpels :  the  ovule  is  suspended,  and  it  fre- 
quently adheres  closely  to  the  ovary ;  an  integument  is  present  in 
Cynomorium.     The  embryo  is  yerj  small. 

Balauophora,  Lophophytum,  and  others  are  Brazilian  genera ;  others 
(Mystropetalon,  Saroophyte)  inhabit  tropical  Africa ;  Cynomoriain  eoceiiuiim  is 
found  in  the  Mediterranean  region. 
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SUB-CLASS  II.    POLYPETAL^. 

Flowers  usaally  amhisporangiate :  perianth  usually  consisting 
of  caljx  and  corolla,  the  petals  being  free. 

SERIES   I.    THALAMIFLOB^. 

Sepals  usually  free:  petals  often  indefinite:  stamens  hypo- 
gynous,  often  indefinite :  gynieceum  apocarpous  or  syncarpous. 

Cohort  I.  Ranales.  Flowers  generally  acyclic  or  hemicyclic : 
perianth  consisting  of  calyx  only,  or  of  calyx  and  corolla :  stamens 
usually  indefinite :  gynsBceum  apocarpous,  sometimes  reduced  to  a 
single  carpel ;  very  rarely  syncarpous,  with  a  multilocular  ovary. 
Seed  with  or  without  endosperm. 

Order  1.  Randnculacej:.  Perianth  either  consisting  of  a  petaloid 
calyx,  or  of  calyx  and  corolla,  usually  spiral :  stamens  numerous, 
occupying  several  turns  of  the  spiral,  or  arranged  in  several  alter- 
nating whorls ;  anthers  usually  with  lateral  dehiscence,  sometimes 
extrorse  or  introrae  :  carpels  numerous,  spirally  arranged ;  rarely 
one  only ;  the  ovules  are  disposed  on  the  connate  margins  of 
each  carpel,  that  is,  in  two  rows  down  the  ventral  suture;  in 
several  genera  the  number  of  the  ovules  in  each  ovary  is  reduced 
to  one,  which  then  originates  from  either  the  upper  or  the  lower  end 
of  the  cavity  of  the  ovary :  seed  with  endosperm.  They  are  almost 
all  herbaceous  plants,  and  are  either  annuals  or  they  have  perennial 
rhizomes  ;  they  have  no  stipules,  but  they  have  amplexicaul  leaves. 

Tribe  1.  Anemonecs,  Petals  generally  replaced  by  stamens :  sepals  frequently 
petaloid :  ovaries  numerous,  each  containing  a  single  suspended  or  ascending 
anatropous  ovule  ;  fruit  coosists  of  a  number  of  achenes. 

The  genus  Clematis  consists  of  shrubs  which  creep,  or  climb  by  their  petioles, 
and  have  opposite  leaves,  and  a  petaloid  usually  valvate  calyx.  CUmatit 
Vitalba,  the  Old  Man's  Beard,  is  common  in  hedges ;  it  has  a  greenish-white 
calyx,  and  fruits  with  long  feathery  styles  ;  C.  Viticella,  patens^  and  others  are 
cultivated  as  decorative  plants.  Atragene  alpina,  occurring  in  the  Alps  and  in 
Siberia,  has  its  external  stamens  converted  into  petaloid  staminodes. 

Thalictrum ;  the  species  of  this  genus,  as  T.  majuiy  mintu,  flavum^  and 
alpinum^  the  Meadow-Bues,  have  stems  well  covered  with  leaves,  and  flowers 
with  an  inconspicucous,  fugacious,  4-5-leaved  calyx,  and  a  flat  receptacle. 

Anemone  has  an  hemispherical  receptacle  (Fig.  897  A  t),  and  a  petaloid, 
usually  5-6-leaved  calyx.  In  most  of  the  species  the  underground  rhizome 
elongates  into  an  erect  scape  which  bears  a  single  whorl  of  three  bracteoles  form- 
ing an  epicalyx  (p.  494),  beneath  the  terminal  flower.  In  A.nemoro$a^  ranun- 
euloides,  and  others,  these  bracteoles  resemble  the  foliage-leaves,  and  often  bear 
flowers  in  their  axils ;  but  in  A,  PulsatUla^  and  others,  they  differ  from  the  foli- 
V.  8.  B.  g  Q 
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age-leaves  in  that  they  are  palmatifid  (Fig.  397  Ah)\  in  A,  Hepatiea,  in  which 
the  scapes  spring  from  the  axils  of  oataphyllary  leaves,  the  three  bracteoles  are 
simple  and  lie  so  closely  under  the  petaloid  calyx  that  at  first  they  appear  to 
be  the  calyx  of  the  flower. 

Myoiunu  minimus  (Mouse-tail)  has  a  very  long  cylindrical  receptacle,  bearing 
the  indefinite  spirally  arranged  carpels :  stamens  4-14 ;  the  5  sepals  are  spurred. 
Adonis,  the  Pheasant's  Eye,  has  completely  acyclic  flowers ;  sepals  5,  petals  8 
or  more,  not  glandular  at  the  base ;  stamens  and  carpels  indefinite,  arranged  in 
^  order :  A.  autumnalis  is  the  species  which  occurs  in  England. 

In  Ranunculus,  the  calyx,  which  is  not  petaloid,  consists  of  5  (%)  sepals,  and 
the  corolla  of  5  imbricate  petals  which  alternate  with  the  sepals  and  have  a 


Fio.  397.  — Flowers  of  Banuncalaces :  «  peduncle;  fc  sepals;  e  petals;  a  stamens; 
/  ovary;  n  stigma  (all  of  natural  size  or  slightly  magnified).  A  Flower  of  ^ntmonc 
Pulnattlla  in  longitudinal  section ;  H  epicalyx ;  i  receptacle.  B  Gynsoeum  of  Ranunculus : 
X  receptacle  with  the  points  of  insertion  of  the  stamens  which  have  been  removed :  C  flower 
seen  from  below.  D  Flower  of  UtXUhorut  viriiit.  E  Flower  of  Aamitvtm  NapMuB :  k 
bracteoles ;  W  hooded  posterior  sepal—the  lateral  sepal  on  this  side  is  removed. 

nectary  at  their  base :  the  stamens  and  carpels  are  arranged  spirally ;  anthers 
extrorse ;  the  ovule  is  ascending,  whereas  it  is  suspended  in  all  the  preceding 
genera.  The  genus  includes  water-plants  with  finely-divided  leaves  and  white 
flowers,  as  R.  aquatilU,  Water  Crowfoot,  ^tittaTw,  etc.  ;  and  land-  or  bog-plants, 
usually  with  a  yellow  corolla,  as  12.  acrt«,  the  Buttercup,  repent^  bulboius,  and 
aeeUratus  (all  known  as  Crowfoot),  and  Lingiui  and  Flammula  (the  Greater  and 
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Lesser  Spearworts) ;  they  are  all  more  or  less  poisonoas.  R,  Ficaria  (the 
Lesser  Celandine)  has  8  sepals  and  usually  8  petals. 

Tribe  2.  HelUborea,  Perianth  generally  consisting  of  oalyx  and  corolla,  the 
latter  being  occasionally  suppressed ;  the  petals  are  glandular  at  the  base : 
ovaries  usually  fewer  in  number  than  the  leaves  of  the  perianth ;  ovules  numer- 
ous, borne  on  the  ventral  suture ;  fruit  usually  consists  of  several  follicles. 

(a)  With  regular,  generally  actinomorphici  flowers : 

Helleborus,  with  acyclic  flowers ;  sepals  more  or  less  petaloid  in  }  arrange- 
ment ;  the  petals,  which  are  small  and  tubular,  iu  |  or  ^ ;  stamens  in  ^  or 
5\ ;  ovaries  usually  3-6  (Fig.  397  B),     H,  niger  is  the  Christmas  Rose ;  U. 
viridis  tknd.  fiBtidus  are  not  rare.    Nigella  has  5  petaloid  sepals  and  usually  8 
(superposed  if  5)  small  glandular  petals  :  its  carpels  cohere  partially  or  com- 
pletely, forming  a  septicidal  capsule.    Trollius,  the  Globe-flower,  has  5-15 
petaloid  sepals,  and  a  similar  number  of  small  petals  which,  like  the  stamens 
and  carpels,  are  all  arranged  spirally  :  T,  europans  occurs  in  sub-alpine  regions. 
Caltha,  the  Marsh-Marigold,  has  5  yellow  petaloid  sepals,  but  no  corolla :  C. 
pahutris  is  conmion  in  damp  places.     Eranthis,  the  Winter  Aconite,  has  a 
3-leaved  epicalys,  and  small  petals  with  long 
claws.    Aotea  has  a  petaloid  calyx  and  an 
alternating  (sometimes  suppressed)  corolla; 
it  has  a  single  carpel  which  becomes  a  baccate 
fruit:  A.  spicata,  the  Baneberry  or    Herb 
Christopher,  occurs  in  woods.    Aquilegia,  the 
Columbine,  has  a  cyclic  flower  (Fig.  398) : 
it  has  5  petaloid  sepals,  and  petals  with  long 
spurs ;  there  are  several  whorls  of  stamens  : 
A.  vulgaris,  atrata,  Aklei,  and  others  occur 
wild,  or  are  cultivated  as  decorative  plants. 

(6)  With  irregular  dorsiventral  flowers: 

Delphinium,  the  Larkspur,  has  the  pos- 
terior of  the  6  petoloid  sepals  prolonged  into         ^^^'  M8.-Dia^m  of  aower  of 
a  spur:   there  are  typically  6-8  petals,  of 

which  only  the  2  (D.  AjclcU  ;  see  Fig.  328  A)  or  4  (D.  Staphitagria)  posterior 
are  developed ;  the  spurs  of  the  two  posterior  petals  project  into  that  of  the 
posterior  sepal :  D.  Staphisagria  has  3-6  carpels ;  D.  Consolida  and  D.  Ajaci*, 
common  garden  plants,  have  usually  but  one  carpel.  In  Aconitum,  the 
Woirs-bane  or  Monk's-hood,  the  posterior  of  the  5  petaloid  sepals  is  large  and 
hooded  ;  the  two  posterior  of  the  8  petals  have  long  claws,  and  are  covered  by 
the  posterior  sepal,  the  others  being  inconspicuous  (Fig.  397  E,  c). 

Tribe  3.  Paoniea.  The  perianth  consists  of  calyx  and  corolla,  and  the  petals 
are  not  glandular :  ovaries  with  numerous  ovules,  surrounded  by  a  disc  :  fruit 
of  several  follicles. 

In  Pffionia,  the  Peony,  the  flower  is  acyclic :  the  calyx  consists  of  5  sepals 
which  gradually  pass  into  the  foliage-leaves ;  the  petals  are  5  or  more.  P.  officin- 
alls,  corallina,  and  others  are  cultivated  as  diecorative  plants ;  P.  Moutan  has  a 
woody  stem  and  a  tubular  disc. 

Order  2.     Maqnoliacej:.     Perianth  cyclic,  consisting  usually  of 
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three  alternating  trimeroas  whorls,  one  of  sepals  and  two  of 
petals :  stamens  and  carpels  numerous,  arranged  spirally :  seed 
containing  endosperm.     Woody  trees  or  shrabs. 

Tribe  1.  Magnoliea,  Carpels  very  nomerons  on  an  elongated  cylindrical 
receptacle  :  flowers  invested  by  a  spathoid  bract ;  stipules  connate.  Magnolia 
grandiflora  and  other  species,  and  Liriodendron  tulipifera,  the  Tulip-tree,  from 
North  America,  are  ornamental  trees. 

Tribe  2.  Illiciea.  Carpels  in  a  single  Whorl  on  a  flat  receptacle  (Fig.  S40). 
Illicium  anitatum^  the  Star-Anise,  is  a  native  of  China. 

Orders.  Calycanthackj:.  Flowers  acyclic,  perigynous :  fruit, 
an  etasrio  of  achenes,  resembling  that  of  the  Rose. 

CalycarUhut  Jloridiu,  Carolina  Allspice,  is  an  ornamental  shrub  with  brown 
aromatic  flowers.    Ghimonanthus,  a  fragrant  shrub,  also  belongs  here. 

Order  4.  Nymphjeaceje.  Flowers  usually  acyclic  without  any 
sharp  demarcation  between  the  petals  and  the  stamens  :  pistil 
either  apo-  or  syn-carpous.  Water»plants,  generally  with  broad 
floating  leaves. 

Tribe  1.  NymphaincB,  Carpels  connate,  forming  a  polymerous  multilocular 
ovary  which  may  be  either  superior  or  inferior.  Ovules  numerous,  placenta- 
tion  superficial :  seeds  numerous,  containing  both  endosperm  and  perisperm, 
sometimes  arillate  (p.  459).  The  rhizome  grows  at  the  bottom  of  the  water  and 
thrown  up  broad,  flat,  cordate  leaves  with  long  petioles  which  float  on  the  surface. 
The  flower  also  reaches  the  surface,  borne  on  a  long  peduncle. 

Nymphaa  alba^  the  white  Water-Lily,  has  four  green  sepals,  a  great  number 
of  white  petals  which,  together  with  the  very  numerous  stamens,  are  arranged 
spirally,  and  a  semi-inferior  ovary,  Nuphar  luteum,  the  yellow  Water-Lily, 
has  a  calyx  consisting  usually  of  five  greenish-yellow  sepals ;  the  petals,  which 
are  smaller  and  yellow,  are  usually  18  in  number,  and  form  a  continuous  spiral 
with  the  indefinite  stamens ;  the  ovary  is  superior.  Victoria  regia,  a  Brazilian 
species,  has  peltate  leaves  of  more  than  a  yard  in  diameter. 

Tribe  2.  Nelumbiea,  Ovaries  numerous,  distinct,  imbedded  in  the  fleshy 
receptacle :  seeds  solitary,  exalbuminous. 

Nelumbium  speciosum  is  the  Lotus  of  Egypt  and  Asia. 

Tribe  8.  Cabombea.  Flowers  cyclic.  Calyx  and  corolla  each  three-leaved. 
Stamens  3-18  or  oo.  Ovaries  3-18,  monomerous,  each  with  two  or  three 
ovules  attached  to  its  walls  or  to  the  dorsal  suture  of  the  carpel.  Seeds  con- 
taining endosperm  and  perisperm.  The  submerged  leaves  are  much  divided, 
the  floating  leaves  peltate.  Cabomba  occurs  in  tropical  America :  Brasenia  is 
widely  distributed. 

Cohort  II.  Menispermales.  Flowers  usually  ambisporangiate, 
sometimes  monosporangiate  and  then  frequently  polygamous ;  cyclic, 
typically   trimerous:    perianth  usually  differentiated  into    calyx 
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and  corolla,  and  then  either  homochlamjdeoas  or  heterochlamy- 
deons :  stamens  nsaall j  3  or  a  maltiple  of  3. :  gynsecenm  trimerons 
and  apocarpous  or  sjncarpons,  or  monomeroas ;  ovary  nnilocnlar, 
with  nsnally  a  single  basal  or  suspended  anatvopoas  or  orthotro- 
pons  ovale ;  seed  with  or  withont  endosperm  ^  endosperm  some- 
times ruminated. 

Order  1.  Menispermacejs.  Flowers  usually  dioscious,  but  with 
traces  of  the  missing  organs :  perianth  usually  biseriate,  hetero- 
chlamydeous  :  the  calyx,  corolla,  and  androeoium  have  usually  two 
whorls  each.  Carpels  usually  3-6,  distinct,  one-seeded,  but  many- 
seeded  in  the  sub-family  Lardizalbeae.  Seed  with  or  without 
endosperm.  They  are  mostly  tropical  climbing  plants  with  woody 
twining  stems  and  palmate  leaves. 

Tb«  siractare  of  the  flower    is  very  variable :  pleiotaxy  is  frequent ;  thus 
the  calyx   may  eonsist  of  8  or  more  (8-10  in  Syehnosepaliim)  whorls,  the 
corolla  of  3  whorls  (occasionally  in  Meni8perman()t 
the  androBcium  of   as  many  as    8  whorls  (Meni-  * 

spermum,  Anamirta) :  on  the  other  hand  oligotaxy 
sometimes  occurs;  the  corolla  may  be  completely 
suppressed  (e,g,  Abota,  Akebia),  and  in  the  latter 
genus  the  calyx  consists  of  only  a  single  whorl.  The 
S  flower  of  Gissampelos  is  dimerous,  and  the  ?  flower 
has  a  rudimentary  perianth  and  a  unilocular  ovary 
with  three  stigmata.    The  endosperm  is  ruminated 

in  some  genera  (e.g.  Anomospermum,  Abuta,  Chas-  ^"•'  *••  ~"  I>'»fi:'^«™  <»f 
manthera) :  the  seed  is  exalbuminous  in  the  Pachy-  ^^''^'^  ^^  "^^  °'  '^'^  ^^'^^' 
goneie  [e.g.  Pacbjgone,  Syehnos^pi^lum,  Rameya). 

Order  2.  Berbebidaceje.  Flowers  ambisporangiate  :  the  calyx, 
corolla,  and  androscium,  each  consist  of  two  di-  or  tri-merous 
whorls,  GynsBceum  monomerous  ;  ovary  with  numerous  marginal 
ovules.     Fruit  capsular  or  baccate,     Seed  with  endospjerm. 

Berber  is  vulgar  it  is  the  Barberry ;  its  floral  formula  is  A"3+ 3,  C3+3;,  43+3, 
QiD ;  the  flowers  are  in  pendent  racemes,  usually  without  terminal  flowers ; 
when  a  terminal  flower  is  present  it  is  acyclic  and  its  formula  is  iiir5  |  C5  |  ^15 
(see  Fig.  311,  p.  498).  Fruit  an  oval  berry.  The  leaves  of  the  ordinary 
shoots  are  transformed  into  spines  (Fig,  38),  in  the  axils  of  which  are  dwarf- 
shoots  bearing  the  foliage-leaves  and  the  inflorescences.  Epimedium  has  a 
dimerous  flower ;  calyx  of  4-5  whorls ;  petals  spurred.  In  Berberis,  sub-genus 
Mfthonia,  there  are  3  whorls  of  sepals,  and  in  Nandina  many  whorls  the  inner 
of  which  gradually  become  petaloid.  Podophyllum  has  sometimes  3  whorls 
of  petals  (thoogh  the  number  of  petals  varies  in  consequence  of  oligomery)* 
and  shows  duplication  of  the  stamens  of  the  inner  whorl.  The  anthers  usually 
dehisce  by  valves,  bnt  in  Podophyllnm  and  Nandina  the  dehiscence  is  longi^ 
tudinal. 
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Order  3.  Laurace^.  Flowers  ambisporangiate,  or  polygamous, 
somewhat  perigynous,  usually  trimerons  (sometimes  dimerous  or 
tetramerous)  :  perianth  sepaloid,  in  two  whorls :  stamens  9-12,  in 
three  or  four  whorls,  those  of  one  or  more  whorls  being  frequently 
staminodes ;  the  anthers  open  by  2  or  4  valves,  the  outer  introrse, 
the  inner  eictrorse;  the  filaments  have  glandular  appendages  (Fig. 
400  h  h).  Ovary  trimerons,  unilocular,  with  one  suspended  ovule, 
two  of  the  three  loculi  being  abortive.  Fruit  a  berry  or  a  drupe. 
Seed  devoid  of  endosperm. 

This  order  is  frequently  placed  in  the  snb-class  MonochlamydesB ;  but  there 
can  be  no  doubt  that  such  a  position  is  unsatisfactory :  the  order  seems  rather 
to  be  allied  to  the  Menispermacese.    The  chief  morphological  difficulty  is  the 


St 

Fig.  400.— Stamen  of  LauTus.    Ah-  Fio.  401.— Frait  of   the  Nntmej?- 

thers  opened,  aa;  dd  the  valves;  ireet  MyrisHea moBchata.    P Pericarp, 

b  b  glandular  appendages.    Diagram  half  of   it  removed ;  »  the  aeed ;  a 

of  Cinnamomam.  aril  (nat.  size). 

interpretation  of  the  perianth;  since  it  consists  of  two  whorls,  and  is  homo- 
chlamydeous  and  sepaloid,  it  may  be  regarded  as  corresponding  to  the  two- 
whorled  calyx  of  other  Menispermales ;  from  this  point  of  view  the  Lauracete 
would  be  held  to  have  no  corolla :  on  the  other  hand,  the  fact  that  the  two 
whorls  are  developed  differently,  the  segments  of  the  outer  whorl  being  de- 
veloped successively  and  those  of  the  inner  whorl  simultaneously,  tends  to  prove 
that  the  outer  whorl  is  a  cslyx  and  the  inner  whorl  a  corolla.  In  Laurus  nobili4 
what  appear  to  be  petals  are  exceptionally  present  in  addition  to  the  two  normal 
perianth-whorls  ;  but  these  petals  are  really  staminodes,  due  to  petaloid  meta- 
morphosis of  the  four  stamens  of  the  external  whorl. 

These  are  usually  evergreen  shrubs  with  coriaceous  leaves  {e.g.  Laurus  noMlis, 
the  Sweet  Bay) ;  a  few,  as  Oassytha,  are  parasites  resembling  the  Dodder  in 
habit.     The  flowers  of  the  Bay  are  diclinous. 

Order  4.  Myristicace^.  Flowers  dioecious,  perianth  of  a 
single  whorl,  gamophyllous,  3-lobed.     Stamens  3-18  coherent  into 
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one  bundle.  Ovary  monomerons,  with  one  basal  anatropons 
ovale:  frnit  a  fleshy  two-valved  capsule:  seed  with  ruminated 
endosperm. 

MyrUtica  moschata,  the  Natmeg,  is  a  native  of  New  Gainea.  The  seed  is 
invested  by  an  aril  (see  p.  459),  an  integument  which  is  developed  after 
fertilisation ;  it  has  a  netted  or  laciniate  appearance  (Fig.  401  a) ;  it  is  known 
in  oommeroe  as  Maoe.  Seed  large,  with  abundant  ruminated  endosperm ;  the 
innermost  layer  of  the  brown  testa  closely  follows  all  the  windings,  and  this 
gives  the  endosperm  a  marbled  appearance. 

The  affinities  of  tbis  order  are  doubtful :  it  is  commonly  regarded  as  closely 
allied  to  the  LauraoesB. 

Order  5.  Polygon- 
ace^.  Flowers  ambi- 
sporangiate,  sometimes 
monosporangiate  by 
suppression,  trimerous 
(sometimes  dimerous), 
with  the  typical  formula 
KZ,  C3,  ^3  +  3,  (?(3): 
perianth  in  two  whorls, 
homochlamydeous,  either 
sepaloid  or  petaloid, 
sometimes  reduced  to  5 
leaves:  stamens  in  us- 
ually two  regularly  al- 
ternating whorls ;  the 
number  of  stamens  in 
the  outer  whorl  is  fre- 
quently increased  by 
duplication ;  the  number 
of  the  stamens  is  fre- 
quently reduced  by  sup- 
pression. Ovary  usually  trimerous,  unilocular,  with  a  single  basal 
orthotropous  ovule.  The  fruit  is  more  or  less  enveloped  by  the 
persistent  perianth  (Fig.  402  (7).  The  seed  contains  endosperm, 
in  which  the  straight  or  curved  embryo  is  imbedded.  The  leaves 
have  sheathing  bases,  and  connate  stipules  (Fig.  402  J),  forming 
an  ocrea  (see  p.  48)  which  embraces  the  stem  for  some  distance 
above  the  leaf-sheath  (absent  in  Eriogonum). 

This  order,  like  the  LauracesB,  is  commonly  placed  in  the  Monochlamydese, 
and  the  interpretation  of  the  two-whorled  perianth  presents  the  same  difficulty 


Fio.  402.— ii  Portion  of  the  Btetn  (•)  of  Polygonm, 
with  a  leaf  (6),  its  sheath  (t),  and  the  oorea  (o)  (nat. 
Bice).  B  Flower  of  Rheum :  fc  external,  c  internal 
perianth-whorl;  a  the  stamena.  C  Frait  of  Rumez. 
enclosed  by  the  inner  whorl  of  the  perianth  c ;  •  dorsal 
ridge  of  one  of  the  perianth-leaves;  k  external  peri- 
anth-leaves. D  fruit  of  Rheum  (/) :  k  outer,  c  inner 
perianth-whorl  (enlarged). 
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and  may  be  regarded  from  the  two  pointg  of  Tiew  in  both  orders  (see 
Laoraoeaa). 

The  typical  Btructnre  of  the  flower  is  to  be  found  in  the  genos  Pterostegia. 
As  regards  the  perianth,  it  is  dimerous  in  Oxyria,  it  is  5-leaved  in  most  species 
of  Polygonum,  in  Ck>ocoloba,  Muehlenbeokia,  etc.»  and  is  apparently  quinoancial 
(}) ;  however,  the  development  of  the  flower  shows  that  this  is  not  really  the 
case,  but  that  it  is  the  result  of  reduction  by  the  absence  of  the  anterior  seg- 
ment of  the  inner  perianth-whorl :  it  may  be  mentioned  further  that  when  the 
perianth  is  trimerous,  there  is  (if  any)  but  a  single  prophyllum,  whereas  when  it 
is  pentamerous  there  are  two  prophylla.  As  regards  the  androecium,  in  a  trimer- 
ous flower,  only  a  single  whorl  of  stamens  may  be  developed ;  either  the  outer 
(e.g.  Rumex,  Eoenigia,  as  also  in  the  dimerous  flower  of  Polygonum  diatpyri- 
/oZtum),  or  tbe  inner  (Leptogonum).  Duplication  obtaios  in  the  single  whorl  of 
stamens  of  Bumex  and  Polygonum  dio$pyrif6lium^  and  in  the  outer  whorl  of 
many  genera,  in  which  either  all  the  typical  number  of  stamens  are  duplicated 
(e,g.  Rheum,  Oxyria),  or  some  only  (e.g.  species  of  Polygonum,  in  which  also 
suppression  is  frequent).  It  is  important  to  note  that  the  number  (usually  5-8) 
of  stamens  in  a  flower  with  a  pentamerous  perianth  bears  no  direct  relation  to 
the  number  of  the  perianth-leaves ;  whereas  in  dimerous  flowers  the  number  of 
the  stamens  is  a  multiple  of  2.  In  some  rare  cases  the  number  of  the  stamens 
is  large  (12-50).  When  two  whorls  of  stamens  are  present,  the  outer  being  dupli- 
cated, it  is  frequently  the  case  (e.g.  species  of  Polygonum)  that  the  anthers  of 
the  external  stamens  are  iutrorse  and  those  of  the  inner  stamens  eztrorse. 
The  gynieoeum  is  sometimes  dimerous  when  the  perianth  is  pentamerous  {e,g. 
Polygonum  orientale,  amphibium  and  other  species) ;  always  when  the  perianth 
is  dimerous.  The  endosperm  is  sometimes  ruminated  (Coccoloba).  The  British 
genera  are  the  following: — Polygonum,  the  Bistort  or  Knot-Grass,  of  which 
there  are  many  species  {e.g.  Bistorta,  Hydropiper,  Persicaria^  amphibium,  avi- 
eularej  Convolvulus) ;  Bumex,  the  Dock  or  Sorrel,  the  leaves  of  which  contain 
a  large  quantity  of  oxalic  acid ;  Oxyria,  the  Mountain  SorreL 

The  most  important  economic  plants  are: — Rheum,  the  Rhubarb;  the 
Rhubarb  of  the  pharmacopoeia  is  obtained  from  H,  palmatum  tunguticum  and 
R,  officinale  (China) ;  the  garden  Rhubarbs  are  R.  rhaponticum  and  unduUUum : 
Fagopyrum  esculentumt  the  Buckwheat. 

Order  6.  Ceratophyllace^.  Submerged  water- weeds  of  doubtful 
affinity,  with  whorled  sessile  leaves  dichotomously  branched  and 
subdivided;  in  the  axils  of  some  of  these  the  diclinous  flowers 
occur.  The  (J  flowers  consist  of  from  6-12  perianth-leaves  and 
about  as  many  stamens ;  the  $  flowers  have  a  similar  perianth  and 
a  monomerous  ovary  with  a  single  suspended  orthotropous  ovule : 
seed  with  endosperm. 

Ceratophyllum  demertum  and  svbmersum  occur  submerged  in  ponds  and 
ditches.  Pollination  takes  place  under  water,  and  in  correlation  with  this  the 
wall  of  the  pollen-grain  is  not  cuticularised  (see  p.  434). 

Cohort  III.    Cdryophyllales.    Flowers  cyclic,  generally  actino- 
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morphic  and  pentamerons,  sometimes  monochlamydeons :  calyx 
often  gamosepaloQS :  stamens  usually  definite :  ovary  unilocular, 
with  basal  placenta  :  seed  with  perisperm. 

Order  1.  Caryophyllace^.  Flowers  generally  pentamerous,  with 
calyx  and  corolla,  though  the  latter  is  suppressed  in  some  cases ; 
sepals  distinct  or  coherent :  stamens  in  two  whorls  (see  p.  503), 
of  which  the  inner  is  often  wanting ;  ovary  2-,  3-,  or  5-merous,  uni- 
locular, or  multilocnlar  at  the  base,  with  a  central  placenta  or 
with  a  single  basal  ovule :  fruit  usually  a  capsule :  leaves  opposite, 
decussate :  stems  usually  tumid  at  the  nodes. 

Tribe  1.  AUinea.  The  corolla  and  the  inner  whorl  of  stamens  are  osaally 
present ;  the  calyx  is  eleotherosepalons  ;  frnit  a  eapsole ;  usually  no  stipules. 

The  British  genera  are  Sagina 
(Pearl-wort),  Arenaria  (Band- 
wort),  Gerastiom,  Stellaria 
(Cbick-weeds  and  Stitch-worts), 
Spergula(Spurrey),Lepigonam, 
Holostenm,  Muenchia ;  tbey 
are  mostly  email  herbaceous 
plants  with  wbite  petals,  occur- 
ring in  meadows,  on  roadsides, 
etc.,  but  species  of  Lepigonum 
(Spergularia),  the  Sandwort- 
Spurrey,  and  Arenaria  (Hone-  «,_ 

kenya)  peploidest  Sea-Purslane, 
grow  on   the  sea-coast ;   they 

are    distinguished    from   each  V7^ 

other  principally  by  the  number  I  v 

of  carpels  present,  and  by  the  Pio.  403.— Longitudinal  section  of  the  flower  of 

mode  of  dehiscence  of  the  fruit.       LychnU  Flot  Jovis:  y  prolonged  axis  (anthophore; 

Tribe  2.  Silenea.  The  corolla       ^^  P-  ^®*>  between  the  calyx  and  the  corolla; 

J  . ,      .  1.     1     «    A  ^  ligular  appendages  or  corona.    (After  Sachs.) 

and  the  inner  whorl  of  stamens  o  i'i~    -»  »   \  / 

are  always  present :  the  calyx  is  gamosepalons ;  stamens  10,  filaments  connate 
at  base :  the  fruit  is  a  capsule  (in  Cucnbalus  a  berry) ;  the  leaves  have  no 
stipules ;  the  floral  axis  is  often  elongated  between  the  calyx  and  the  corolla 
(Fig.  408  y) :  the  petals  (as  in  Lychnis  and  Saponaria)  often  have  ligular  ap- 
pendages (Fig.  403  X  :  see  p.  515). 

The  species  of  Dianthus,  the  Pink,  which  commonly  occur  wild  are  D.  deltoides, 
D.  casiut  and  D.  Armeria;  D.  Caryophyllus,  the  Carnation,  and  D.  chinensis^ 
are  well-known  garden  flowers:  there  are  two  styles,  and  the  calyx  is  sur- 
rounded at  its  base  by  bracteoles.  The  genus  Saponaria  has  two  styles  but  no 
bracteoles  ;  S,  officinalis^  the  Soap-wort,  occurs  on  the  banks  of  rivers.  The 
genus  Silene  (Gatohfly)  has  three  styles;  S,  injlata,  nutaru,  and  others,  are 
common  in  meadows.  The  genus  Lychnis  (Campion)  has  five  styles;  the 
species  alba  {vegpertina)  and  diurna  are  dioecious ;  L.  Githago^  the  Corn-cockle, 
is  common  in  fields. 
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Tribe  3.  Polyearpea,  Leaves  with  ecarioas  stipules :  caljx  eleatherosepaloos ; 
the  corolla  is  present,  bat  the  inner  whorl  of  stamens  is  wanting :  style  3-fid. 
This  group  includes  the  British  genus  Polycarpon  (Allseed)  and  others. 

Tribe  4.  Paronychtea,  Sepals  distinct  or  coherent :  the  corolla  and  the  inner 
whorl  of  stamens  are  usually  wanting :  style  usually  bifid :  ovary  unilocolar, 
with  1-4  ovules :  fruit  generally  indehisoent. 

The  British  genera  are  Scleranthus  (Knawel),  Hemiaria,  Gorrigiola  (Strap- 
wort),  and  lUecebrum:  they  are  small  inconspicuous  herbs,  with  scarioas 
stipules  (except  Scleranthus). 

The  ParonychiesB  have  also  been  placed,  as  a  distinct  natural  order  Illeck- 
BBACB.B,  among  the  MonoohlamydesB.  There  is  no  doubt  that  they  have 
affinities  with  the  Chenopodiales,  and  that  they  thus  connect  that  cohort  with 
the  Caryophyllaces. 

Order  2.  PoRTULACEiE.  Calyx  usually  of  2  sepals  and  corolla  of 
5  petals :  stamens  usually  5,  antipetalous :  ovary  usually  trimerons 
and  unilocular ;  fruit  a  capsule.  They  are  herbs  with  alternate  or 
opposite  leaves ;  the  corolla  is  fugacious. 

The  structure  of  the  flower  is  essentially  the  same  in  this  order  as  in  the 
Chenopodiales,  with  the  addition  of  a  calyx  of  two  antero-posterior  sepals. 

Portulaca  oleracea,  the  Purslane,  from  Southern  Europe,  and  other  species 
are  cultivated  as  vegetables  and  as  ornamental  plants.  Montia  (Blinks)  has  an 
irregular  (apparently  gamopetalous)  corolla;  it  grows  in  ditches  or  in  damp 
places.  In  the  genus  Lewisia  there  are  4-8  sepals,  8-16  petals,  and  indefinite 
stamens. 

Order  3.  AizoACEiB  (Ficoideje).  Flowers  with  a  simple  perianth, 
and  usually  indefinite  stamens,  the  more  external  of  which  are 
often  transformed  into  petaloid  staminodes:  ovary  multilocular, 
sometimes  inferior. 

This  order  has  marked  affinities  with  the  Phytolaccacee  and  the  Nyotaginace», 
so  that  it  is  sometimes  placed  among  the  MonochlamydesB ;  but  the  occurrence 
of  forms  with  petaloid  staminodes  justifies  the  position  in  which  it  is  here  placed. 
It  is  of  special  interest  inasmuch  as  it  well  illustrates  the  evolution  of  the 
dichlamydeons  from  the  monochlamydeous  type  of  flower,  with  multiplication 
of  the  sporophylls  and  the  gradual  metamorphosis  of  the  more  external  of  them 
into  petaloid  staminodes  which  are,  in  fact,  primitive  petals. 

Mesembryanthemum  is  the  genus  with  an  inferior  ovary :  it  has  fleshy  leaves 
and  conspicuous  flowers ;  many  species  are  cultivated ;  it  comes  from  South 
Africa. 

Cohort  IV.  Parietales.  Flowers  cyclic,  with  calyx  and  corolla : 
sepals  free :  stamens  definite  or  indefinite :  gynaaceum  of  two  or 
more  carpels :  ovary  unilocular,  sometimes  many-chambered,  with 
parietal  placentation :  seed  with  or  without  endosperm. 

Order  1.     Papaveracej:.     Flowers  usually  actinomorphic,  iC2, 
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C2  +  2,  iloc  ,  G^^^  or  (oc  ),  or  rarely  with  trimerons  whorls :  calyx 
sepaloid,  corolla  petaloid :  the  namerous  whorls  of  stamens  alter- 
nate :  ovary  of  two  lateral  carpels  or  of  more  (Fig.  404  a),  two- 
or  more-chambered:  ovules  nnmerons,  attached  to  the  more  or 
less  infolded  edges  of  the  carpels :  endosperm  abundant,  embryo 
small.  The  sepals  commonly  fall  off  before  the  flower  expands 
(Fig.  404  k).     Plants  with  abundant  milky  latex. 

Papaver,  the  Poppy,  has  a  many-ohambered  ovary;  the  fmit  is  a  porous 
capsule  (Fig.  342  D) :  P.  somniferum  is  cultivated  for  the  sake  of  the  oil  con- 
tained in  the  seeds,  and  for  the  latex  obtained  from  its  capsules,  which,  vrhen 
inspissated,  constitutes  opium :  several  species  are  British,  such  as  P.  RhaaSy 
the  Field  Poppy;  P.  Argemone,  the  Pale  or  Long  Prickly-headed  Poppy;  P. 
hybridumj  the  Bound  Prickly-headed  Poppy;  P.  dubitun,  the  LoDg  Smooth- 
headed  Poppy ;  and  Meconoptis  cambrica^  the  Yellow  Welsh  Poppy.  Chelidaniuin 
majtUf  the  Celandine,  has 


^ 


two  carpels,  a  siliqaose 
frait,  and  orange-coloured 
milky  latex.  Glaucium, 
the  Homed  Poppy,  has  a 
siliquose  fruit  which  is 
generally  spuriously  bilo- 
cular.  Esehicholtzia  eali- 
fomica  is  a  cultivated 
plant ;  it  has  a  hollow  re 
ceptacle,  so  that  its  flowers 
are  almost  perigynous. 

Order  2.    Fumari- 
ACEiE.     Flowers  isobi- 

PiG.  404.  — Flower  of  Chelidtmium  mojiM  (nat.  sixe); 
laterally  symmetrical,  k  calyx ;  oa  outer,  d  inner  petals ;  a  stamens ;  n  stigma. 
or  ZVffOmorphic  with  '^  Diagram  of  the  flower  of  Chelidonium.  a  Many- 
_     ^  ,  chambered  ovary  of  Papaver. 

lateral     symmetry: 

floral  formula  K2,  02  +  2,  i42  +  2,  6?'^.  The  three  whorls  of  the 
perianth  alternate ;  one  of  the  outer  petals  (rarely  both)  is  usually 
furnished  with  a  spur:  in  most  genera  there  are  three  stamens  on 
each  side,  a  central  one,  with  a  perfect  anther  (the  stamen  of  the 
outer  whorl,  Fig.  405  B  a),  and  two  lateral  stamens,  each  with  only 
half  an  anther  (apparently  the  halves  of  the  stamens  of  the  inner 
whorl;  Fig.  405  j5a^a,).  The  fruit  is  siliquose  and  many-seeded, 
or  one-seeded  and  indehiscent.  Herbaceous  plants  without  milky 
latex,  sometimes  climbing  by  means  of  their  petioles  which  act  as 
tendrils  (Adlumia,  Fumaria).     Seeds  containing  endosperm. 

The  flowers  of  Adlumia,  Dicentra,  and  Hypecoum  are  isobilateraUy  symmet- 
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rical.  Dicentra  ipectabilU  is  a  favourite  ornamental  plant ;  both  the  oater  petals 
are  spurred,  the  two  inner  petals  are  hollowed  at  their  apices,  so  that  they 
completely  enclose  the  anthers.  In  Hypeconm  the  flower  is  isobilaterally  sym- 
metrical, but  the  petals  are  not  spurred,  and  there  are  four  stamens,  two  lateral 
forming  the  outer  whorl,  and  two  antero-posterior  forming  the  inner  whorl : 
fruit  usually  indehiscent.     In  Oorydalis  and  Fumaria  only  one  of  the  outer 


Fio.  406.— ii  Flower  of  Dicentra  uptetahilia :  one  of  the  outer  petals  U  removed :  •  pedicel ; 
ca  ihe  outer,  ci  the  inner  petals ;  /stamenB.  B  The  three  stamenB  of  one  side,  aeen  from 
within :  /filaments ;  a  the  middle  complete  anther ;  a,  a,  the  lateral  half«anthers.  C  Flower- 
bud,  wibh  the  sepals,  which  soon  fall  off*,  still  adhering  (k) ;  (nat,  size).  Diagram  of  Fumi- 
tory. 

petals  is  spurred,  and  consequently  the  flower  is  irregular  and  laterally  zygo- 
morphio.  In  Corydalis  the  fruit  is  a  two-valved  capsule  with  numerous  parietal 
seeds  :  some  species,  e,g,  C,  cava  and  solidat  have  a  tuberous  rootstock ;  others, 
as  C.  lutea  and  aurea,  have  rhizomes.  Fumaria  ojfficinalii  and  others  (Fumi- 
tories) are  common  in  fields ;  the  ovaries  contain  but  few  ovules,  and  of  these 
only  one  ripens  to  a  seed ;  fruit  globose,  indehiscent. 

Order  3.    Cbuciferje.     Flowers  regular,  isobilateral :  floral  for- 
mula K2  +  2,  0x4,^2  +  22,  O^K     The  four  petals  form  a  whorl, 
alternating  with  the  four  sepals  as  if  the  latter  formed  one  whorl ; 
^  there  are,  however,  three  perianth-  whorls,  as 

in  the  two  preceding  families ;  bnt  whereas 
in  them  only  the  outermost  whorl  is  sepa- 
loid,  in  this  family  the  two  outer  whorls 
are  sepaloid,  and  the  innermost,  which  alone 
is  petaloid,  is  a  whorl  consisting  of  fonr 
instead  of  two  members.  The  two  outer 
stamens  are  lateral,  as  in  those  families  ;  the 
two  inner  ones,  which  in  most  Fnmariacc88 
are  apparently  divided,  are  here  duplicate,  having  longer  filaments 
(Fig.  407  Bhh)  than  the  outer  ones  (a)  ;  hence  the  flower  is  tetra- 
dynamofcs.     There  are  usually  four,  sometimes  more,  glands  at  the 


Fio.  406.— Diagram  of  the 
flower  of  Gracifene. 
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base  of  the  stamens  (Fig  407  J?  d).  The  ovary  consists  of  two 
carpels  with  the  ovnles  in  two  longitudinal  rows  on  the  connate 
margins  of  the  carpels ;  these  two  parietal  placenta  are  connected 
by  a  membranous  growth  which,  as  it  is  not  formed  of  the  margins 
of  the  carpels,  mnst  be  regarded  as  a  spurious  dissepiment  (Figs. 
407  D*  E*v,  342  Cw).  When  the  fruit  opens,  the  pericarp  splits 
into  two  valves  corresponding  to  the  carpels,  leaving  their  mar- 
gins, as  a  frame  or  repluM,  bearing  the  placentfiB  with  the  spurious 
dissepiment  attached :  the  seeds  remain  attached  to  them  for  some 
time  (Fig.  342  C,  p.  530). 


F/     G'' 


1 1  "©■  I 


r^^ 


Fio.  407.— Flowers,  fruits,  and  embryos  of  various  Cruciferse.  A  Flower  of  Brassica  (nat. 
size) ;  8  pedicel ;  h  k  calyx ;  c  corolla.  B  The  same  after  removal  of  the  perianth  (much 
mag.):  a  a  the  two  outer  short  stamens ;  h  the  four  longer  inner  ones;  /the  ovary ;  n  the 
stigma ;  d  gland.  C  Siliqua  of  BrasBica :  v  dissepiment.  2)  Augustiseptal  silicula  of  Thlaspi . 
B  Latiseptal  silicula  of  Draba.  V*  and  B*  Diagrammatic  transverse  section  of  the  preced- 
ing :  V  dissepiment;  s  seed.  F  Indehiscent  silicula  of  Isatis.  G  Jointed  siliqua  of  Raphanu* 
Baphanistrum :  g  style ;  III  separate  segments.  K-U  Diagrams  of  differently-folded 
embryos,  with  transverse  sections :  r  radicles ;  c  c  cotyledons. 

The  flowers  are  in  racemes  in  which  the  bracts  are  suppressed ; 
when  the  lower  pedicels  are  longer  than  the  upper  ones,  the  raceme 
becomes  a  corymb,  and  then  the  lower  flowers  are  usually  zygomor- 
phic,  the  petals  turned  towards  the  periphery  being  larger  than 
those  directed  towards  the  axis  of  the  inflorescence,  as  in  Iberis. 

The  form  of  the  fruit  is  of  importance  in  the  subdivision  of  this 
order.     In  some  genera  it  is  much  longer  than  it  is  broad,  when  it 


Digitized  by 


Google 


604  PART   III. — THE  CLASSIFICATION   OF   PLANTS. 

is  termed  a  siliqua,  (Figs.  407  0,  342  C)  ;  in  others,  it  is  not  mnch 
longer,  or  aboat  as  long  as  it  is  broad,  when  it  is  termed  a  siliaila 
(Fig.  407  D  and  J^).  The  latter  is  commonly  somewhat  com- 
pressed in  one  direction ;  either  parallel  to  the  dissepiment,  that  is 
to  say  laterally  (Fig.  407  E  and  E*),  so  that  the  dissepiment  lies 
in  the  direction  of  the  greatest  diameter,  when  it  is  latiseptal ;  or 
perpendicularly  to  the  dissepiment,  that  is  in  the  median  plane, 
so  that  the  dissepiment  lies  in  the  narrowest  diameter,  when  it  is 
angustiseptal  (J)  and  D*).  Fruits  with  only  one  or  a  few  seeds,  and 
which  are  indehiscent,  are  confined  to  only  a  few  genera,  such  as 
Isatis  (Fig.  407  F),  So  likewise  is  the  jointed  siliqua,  which  haa 
transverse  dissepiments  between  the  seeds ;  when  they  are  ripe  it 
divides  transversely  into  segments,  as  in  Raphanus  (^ig.  407  (?). 

The  seed  is  exalbuminous.  The  embryo  is  folded  in  the  secMi 
in  various  ways ;  the  radicle  may  lie  in  the  same  plane  as  one  of 
flat  cotyledons  (Fig.  407^,  when  the  cotyledons  are  said  to  be 
iticumbent,  Notorhizem  (the  diagram  being  O  ||)  ;  or  the  radicle 
may  occupy  the  same  position,  the  cotyledons  being  folded  (Fig. 
407  /),  when  the  cotyledons  are  said  to  be  incumbent  and  folded^ 
OrthoploceoB  (diagram  of  section  O  ^)  ;  or,  thirdly,  the  radicle  may 
be  lateral  to  the  two  cotyledons  (Fig.  407  JT),  when  the  cotyledons 
are  said  to  be  accumbenty  Pleurorhize(B  (diagram  O  =) :  more 
rarely  the  cotyledons  are  spirally  rolled  so  that  in  a  transverse 
section  they  are  cut  through  twice,  Spirolobece  (diagram  O  ||  ||)  ; 
or,  finally,  they  may  be  doubly  folded,  and  be  seen  four  times  in 
a  section,  Dtplocolobeoe  (diagram  O  ||  ||  ||  ||).  The  seeds  contain 
much  fatty  oil. 

Sub-order  1.    Siliquosjb.    Fruit  a  siliqua,  much  longer  than  it  is  broad. 

Tribe  1.  Arabidete.  Q  =.  Cheirantkut  Cheiri^  the  Wall-flower,  and  Matthiola 
annxM  and  incanat  the  Stocks,  are  cultivated  as  garden-plants.  Na$turtitun 
officinale  is  the  Water-cress.  Barbarea  vulgarii  is  the  Tellow  Bocket.  Carda- 
mine  (incl.  Dentaria)  also  belongs  to  this  tribe. 

Tribe  2.  Si$ymbrie<e.  Q  \\.  Si$ymbrium  officinale^  the  Hedge-Mustard,  is 
common  on  rubbish  heaps ;  ani  Erysimum,  the  Treaole-Mustard,  on  walls,  eie. 
Hesperis  is  the  Dame's  Violet. 

Tribe  8.  Bratticea.  Q  ^'  ^he  species  and  varieties  of  Brassica  are  much 
cultivated.  Brassica  oUracea  is  the  Cabbage,  with  the  following  varieties ; 
acephala,  Scotch  kale,  Cow-cabbage  or  Borecole ;  bullata,  the  Savoy-cabbage ; 
capitata,  the  red  and  white  Cabbage ;  catUorapay  with  the  stem  swollen  at  the 
base,  is  the  Kohl-rabi ;  Botrytts^  with  connate  fleshy  peduncles  and  abortive 
flowers,  is  the  Broccoli  (asparagoides)  and  the  Cauliflower  {cauUJlora) ;  gemmifera^ 
with  numerous  lateral  leaf -buds,  known  as  Brussels-sprouts.  Brauica  cam- 
pestris  is  the  wild  Navew;  it  includes  the  following  sub-species:  Rapa^  the 
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wild  Turnip,  with  bright  green  hispid  leaves  and  flat  corymbs  of  flowers,  among 
the  cultivated  varieties  of  which  is  the  var.  depressa^  the  Turnip :  Napus^  the 
wild  Rape,  with  glabrous  glaucous  leaves  and  long  racemea  of  flowers,  several 
varieties  of  which  are  cultivated  for  their  oily  seeds,  and  one  (var.  esculenta, 
the  Teltow  Turnip)  for  its  fleshy  root:  Napobrassica,  the  Turnip-cabbage, 
including  Butahaga^  the  Swedish  Turnip.  B,  campettris  oleifera  is  the  true 
Colza  or  Coleseed,  from  the  seeds  of  which  colza-oil  is  obtained.  Bratniea 
{Sinapis)  nigra  and  alba  are  the  black  and  white  Mustard.  Bras»ica  Sinapis 
{Sinapit  arvensU)  is  the  Charlock  or  Corn-Mustard.  To  this  tribe  belongs  also 
the  genus  Diplotazis. 

Sub-order  2.    SiLicniiOBJB.    Fruit  a  silicula. 

A.  Latisepta,    The  dissepiment  is  in  the  longest  diameter  of  the  silicula. 
Tribe  4.   Alyninea.     Q   ■"•     Cochlearia  ojieinalii  is  the  Scurvy-grass ;  C. 

Armoraciay  the  Horse-radish,  has  a  thickened  root.  Alyssum  calycinum  and 
Draba  {Brophila)  vernal  the  Whitlow-grass  (Fig.  407  £),  are  common  weeds  : 
Lunaria  biennii  is  Honesty. 

Tribe  5.  Camelineie.  O  ■■  •  ^<>  ^^^^  tribe  belong  Camelina(Gk>ld-of- pleasure), 
and  Subularia,  the  Awl- wort,  an  aquatic  plant. 

B.  AngtutUepta.    The  dissepiment  is  in  the  shortest  diameter  of  the  silicula. 
Tribe  6.    Lepidinea,    Q  R  .    Capsella  Bursa  Pastorii^  the  Shepherd's  Purse, 

is  common,  as  also  various  species  of  Senebiera  and  Lepidium  (Cresses). 

Tribe  7.  Thl^ispidea.  Q  ""  *  ^&riouB  species  of  Thlaspi,  the  Penny-Cress, 
are  common.  To  this  tribe  belong  also  the  British  genera  Iberis  (Candytuft), 
Tee^dalia,  and  Hutohinsia. 

Sub-order  8.    NucuMBMTACEiE.    Silicula  indehiscent,  few-seeded. 

Tribe  8.  UatidetB,  Isatis  tinetoria^  the  Woad,  has  compressed,  pendulous, 
unilocular,  one-seeded  fruits  (Fig.  407  F)  :  the  leaves  yield  a  blue  dye. 

Sub-o^der  4.  Lohentacsjs.  Fruit  a  siliqua  or  silicula,  constricted  into  one- 
seeded  segments  (lamentaeeoui)  (Fig.  407  G). 

Tribe  9.  Cakilinea,  Silicula  two-jointed. 
This  tribe  contains  the  genera  Cakile,  the  Sea- 
Boeket,  and  Crambe,  the  Sea-Kale. 

Tribe  10.  Raphanea,  Silicula  more  or  less 
moniliform.  Raphanut  satiwu  is  the  Radish ; 
JR.  RaphanUtrum,  the  Wild  Radish  or  White 
Charlock,  is  a  common  weed. 

Order  4.  Capparidaceje.  Flower  iso- 
bilateral ;  formula  K2  +  2,Cx4yA2  + 
2*  or  X  ,  G^^  or  x :  stamens  4  or  more, 
when   6   very   rarely  tetrad jnamons  : 

sfyneeceam  borne  on  a  special  proloncra-  '"'••  408.— Flower  of  CapparU 
7.  £    ,,  .       ,  1  Arltr\       tptttOM  (nat.  8i«e):  .pedicel;   k 

tion   of    the    axis    (gy nopbore,    p.    495)        calyx;  c  copoIU;    a  stamens;  / 

(Fig.  408  t).    Fruit  a  siliqua  or  a  berry,      gynaeceum  on  (0  gynophore. 

The  flower-buds  of  CapparU  $pinoia  from  the  South  of  Europe  are  known  as 
Capers. 
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Order  5.  RESEDACBiK.  Flowers  irregular,  dorsiventral :  sepals 
and  petals  5-8,  the  latter  laeiniate :  stamens  nameroas :  carpels 
2-6  connate,  forming  a  unilocular  ovary,  open  at  the  apex,  with 
numerous  ovules ;  seed  without  endosperm :  inflorescence  a 
raceme,  without  bracteoles. 

Reseda  Luteola^  the  Dyer's  Weed,  or  Weld,  yields  a  yellow  dye  ;  JR.  odorata  is 
Mignonette. 

Order  6.  Cistacej;.  Flowers  usually  actinomorphic  and  penta- 
merous :  the  two  external  of  the  6ve  sepals  are  generally  smaller, 
and  sometimes  they  are  absent :  stamens  numerous,  in  conse- 
quence of  multiplication :  carpels  3-10,  forming  a  uni-  or  multi- 
locular  ovary;  ovules  orthotropous ;  seed  with  endosperm. 
Trees  or  shrubs  with  generally  opposite  stipulate  leaves. 

CistuB  has  5-10  carpels  forming  a  chambered  or  completely  multilocular  ovary. 
Citttu  ladanifemSf  creticus,  and  other  species,  grow  in  the  south  of  Europe ; 
a  balsam  is  derived  from  them.  Helianthemum  has  a  unilocular  trimerous 
ovary :  Helianthemum  vulgaret  the  Rock  Bose,  is  an  under-sbrub  which  grows 
wild  on  dry  soils. 

Order  7.     BiXACEiE.     The   seed  of   Bixa   orellana,   a  native   of 

America,  yields  an  orange- col  cured  dye  known  in  commerce  as 

Annatto. 

Order  8.    Violacej:.     Floral  formula  Kb,  05,  A6,  (?<« :  flowers 

always    borne  laterally :    ovules    anatropous :  fruit   a  loculicidal 

capsule  (Fig.  4090):  seed 
with  endosperm.  The 
indigenous  species  have 
irregular  dorsiventral 
flowers  ;  the  anterior  in- 
ferior petal  is  prolonged 

,  into  a  hollow  spur  (Fig. 

I  409  ^  cs)   in  which  the 

nectar  secreted  by  the 
spur-like  appendages  of 

F,G.409.-F«,la  tncolor.    ^  Longitudinal  section  of  *^'®    ^"^"^    ^°.^®^    StameUS 

flower:  «  bracteole  on  the  peduncle;  I  sepals;  U  ap-  Collect.S   (Fig.  409  A  fs). 

pend^e ;  c  petaU  ;  c.  Bpur  of  »he  lower  pe»ta ,  /.  rpj^^  ^^      j^  ^  produced 
glandular  appendage  of  the  lower  stamens ;  a  an-  '^  ^ 

thej-8  (after  Sachs).   B  Ripe  fruit:  fc  caljx.    C  After  at    the     baSC     (Fig.    409 

dehiscence  :  p  parietal  placenUe ;  s  ^eeds.    (Mag.)  ^  lg\ 

Viola  is  the  Violet,  Pansy,  or  Heart's-ease  :— many  species,  as  F.  odorata,  the 
Sweet  Violet,  have  only  an  underground  stem  which  bears  cataphyllary  leaves, 
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and  which  throws  op  petiolate  foliage-leavei,  and  hracteolaie  pednneles  each 
bearing  a  single  flower :  V,  odarata  has  mnners,  but  hirta  and  eollina  haTe 
none:— in  others,  ae  V,  canina^  the  Dog-Violet,  the  main  stem  is  above  ground 
and  bears  the  foliage-leayes  : — in  V.  mirahilis  these  two  forms  are  so  combined 
that,  in  tbe  spring,  flowers  are  developed  from  the  rhizome  which  have  large  blue 
petals  but  are  always  sterile ;  it  is  not  till  later  that  inconspicaons  (deistoga- 
mons,  p.  453)  flowers  with  minute  petals  appear  on  the  leafy  stem,  and  these 
only  are  fertile: — in  V,  tricolor  and  its  allies  the  Btipolea  are  leafy  and 
pinnatifid. 

Cohort  V.    Sarraceniales.    Flowers  regular,  generally  actino- 
morphic,  sometimes  monochlamydeoas :  stamens  often  numerous, 
ovary  syncarpons,   uni-   or  malti-locular ;    placentation   various; 
seeds    many,   with   endosperm ; 
leaves  adapted  in  various  ways 
for  the  capture  of  insects. 

Order    1.      SARRACENIACEiB. 

Flowers  5j  visually  dichlamy- 
deous,  hemicyclic :  stamens  15 
or  more :  ovary  either  unilocular 
and  more  or  less  chambered,  or 
3-  or  5  -locular ;  placentation  pa- 
rietal or  axile  :  leaves  pitchered 
(Pig.  410). 

This  order  includes  the  three  her- 
baceous genera  Sarracenia,  Darling- 
tonia,  and  Heliampbora.  Tbe  two 
former  have  pentamerous  dichlamy- 
deoQS  flowers,  each  borne'  singly  on  a 
peduncle;  the  sepals  and  petals  are 
in  }  arrangement,  and  the  stamens 
are  indefinite  in  Sarracenia  and  15  in 
Darlingtonia ;  carpels  5,  antisepalous 
in  Sarracenia,  antipetalous  in  Dar- 
lingtonia: they  grow  on  moors  and 
marshes  in  North  America.  Heliam- 
pbora bears  its  flowers  in  racemes ; 
the  flower  has  a  simple  petaloid  peri- 
anth, indefinite  stamens,  and  a  trilooolar  ovary;  it  is  a  native  of  British 
Guiana. 


Fie»  410.— Leaves  and  flowers  of  Sarra- 
cenia purpurea  {\) :  the  leaf  to  the  left  has 
been  ont  aoroes. 


Order  2.  NEPENTHACEiK.  Flowers  dioecious,  monochlamydeous, 
tetramerous  :  stamens  generally  4-16,  coherent  into  a  central 
column  :  ovary  quadrilocnlar,  with  axile  or  somewhat  supei^cial 
placentation:  leaves  pitchered  (Fig.  37,  p.  58). 

V.  8.  6.  R  R 
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Tbi«  tropical  order  includes  the  single  genus  Nepenthes,  with  aboot  40 
species,  chiefly,  inhabiting  the  Malay  Archipelago,  but  extending  to  Ceylon, 
Australia,  the  Seychelles,  and  Madagascar:  they  are  mostly  climbing  shrubs 
with  leaf-tendrils. 

Order  3.  DROSERACKiB.  Flowers  5»  ^^chlamydeons,  generally 
pentamerous :  stamens  5  or  5" :  carpels  2-5 ;  ovary  nsually  uni- 
locular with  parietal  placentiB  :  leaves  not  pitcliered. 

Herbaceous  plants,  constituting  the  six  genera  Dionea,  AldroTanda,  Boridula, 
Byblis,  Drosera  (the  Sundew)  and  Drosopbyllum :  in  Dionsa,  Aldrovanda,  and 
Drosophyllum,  the  gynseceum  consists  of  5  antipetalous  carpels,  and  the  OTary 
is  unilocular ;  in  Drosera  and  Boridula  the  gyneceum  is  usually  trimerous,  the 
ovary  unilocular  in  the  former,  trilocular  in  the  latter ;  in  Byblis  it  is  dimerous 
and  bilocular.  The  leaf -blade  of  Dionsba  (Venus*  fly-trap)  and  of  Aldroranda 
is  sensitive  to  touch,  tbe  two  halves  closing  sharply  along  the  middle  line  when 
irritated :  the  leaves  of  the  other  genera  are  provided  with  irritable  glandular 
tentacles  (see  Figs.  42,  43,  p.  66).  Aldrovanda  (A,  vetieuloia)  is  a  rootless, 
floating  water-plant. 

Cohort  VI.  Guttiferales.  Flowers  usually  cyclic,  generally 
actinomorphic,  and  pentamerous:  sepals  usually  free,  with 
imbricate  sBstivation:  stamens  usually  indefinite:  gynsoceum 
syncarpous,  ovary  uni-  or  multi-locnlar :  seed  ezalbaminoas. 

Order  I.     Hypericacejb.     Formula  usually  Kb,  C5,  -40  +  5oo, 
&^^ ;  or  ^0+  3oo,  QQ)-    Sepals  sometimes  united  at  the  base:  sta- 
mens usually  indefinite  and  polyadelphous ; 
when  in  five  bandies,  the  bundles  are  super* 
posed  on   tbe  petals ;    this    position   of    the 
stamens  is  generally  attributed   to  the   sup- 
pression of  an  outer  whorl  of  stamens  which. 
is  indicated  by  staminodes  in  species  of  all 
the  genera  :   ovary  uni-  or  multi-locular,  or 
Fio.  411.  —  iMagram  of     many-chambered ;  capsule  septicidal ;   ovules 
Hypericum,  numerous,   anatropous;   placentie  parietal  or 

axile.     Herbs  or  under-shrubs  with  decnssate  entire  leaves,  which 
are  dotted  over  with  translucent  oil-glands ;  ezstipnlate. 

Tbe  following  are  examples  of  the  different  relative  numbers  of  staminal 
bundles  and  of  carpels : — 

Staminal  bundles  5,  carpels  5 :  Hypericum  calycinwn, 

Staminal  bundles  8,  carpels  3 :   U.  humifutum^  hirtuttLm,  moiUoMim,  per* 

faratum,  undulatunif  barbatum, 
Staminal  bundles  5,  carpels  8  :  H,  Androiamum,  hircinum,  elatum* 
Staminal  bundles  8,  carpels  5 :  H,  pepUdifoUum, 
All  these  species,  except  the  last  (St  John's  Worts,  or  Tutsans),  occur  wild  in 
Britain. 
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Order  2,  Tamabicaoba.  Flowers  4-  or  S-merous,  with  one  op 
two  whorls  of  stamens :  calyx  gamosepaloas :  ovary  nsaally  tri- 
meroas,  nnilocnlar,  with  basal  or  parietal  placentation  :  capsnle 
locnlicidal :  seeds  with  hairs :  flowers  in  racemes  or  spikes. 

This  order  inolodes  the  shmbs  known  as  Tamarisks:  Mjrioaria,  Tamariz, 
Beaomoria,  and  Fonqoiera.  Myriearia  {Tam&rix)  germanica  has  monadelphoos 
stamens.    Tamarix  gaUiea  (or  T,  angliea)  has  become  natoralised  in  England. 

Closely  allied  with  this  order  and  with  the  Elatinaee»  is  the  small  order  of 
FRANKBNiAcSiB ;  the  flower  resembles  that  of  Tamariz  in  the  gamosepalons 
oalyz  and  in  the  morphology  of  the  gynascenm :  Frankenia  UbvU,  the  Sea-Heath, 
occurs  in  salt-marshes  in  Britain. 

Order  3.  Elatinaogjc.  Small  water-plants,  with  entire  stipulate 
leaves  opposite  or  in  whorls:  flowers  3-4-meron8 ;  formula  Kn^ 
Cn,  ^n  +  n,  ff^ ;  solitary,  without  bracteoles,  borne  in  the  axils  of 
the  foliage-leaves:  ovary  multilocular. 

E,  hexandra  and  Hydfopipfr  (Waterworts,  or  Water-peppers)  ocenr,  bnt  not 
commonly,  on  the  margins  of  lakes  in  England. 

Order  4.  TERNSTBOiMUCEiB,  Perianth  spiral ;  the  calyx  is  not 
clearly  distinguishable  from  the  numerous  bracteoles :  stamenA  in- 
definite: ovary  multilocular.  Trees  or  shrubs  with  scattered, 
generally  coriaceous,  entire  leaves,  without  stipules. 

CamelUa  japonica  is  a  faTonrite  ornamental  shmb :  Tkea  eHnetuU^  of  which 
the  dried  leaTes  are  tea;  black  and  green  tea  are  varieties  resulting  only  from 
the  mode  of  drying  the  leaf. 

Order  5.  Glusiacej:  (Guttifkrb).  Trees  or  shrubs  with  di- 
clinous flowers. 

Order  6.  DiPT&ROCARPACEiB.  Trees :  leaves  usually  stipulate  : 
the  gamosepalons  calyx  enlarges  very  much  during  the  ripening  xA 
the  fruit. 

Dryohalanopt  Camphora,  a  natiye  of  Sumatra,  yields  the  Borneo  Camphor. 

Cohort  VIL  Mai  vales.  Flowers  cyclic,  generally  pentamerous 
and  actinomorphic :  calyx  often  gamosepalons,  with  valvate  aesti- 
vation: corolla  with  usually  contorted  aestivation:  stamens  typi- 
cally in  two  whorls,  frequently  obdiplostemonous,  sometimes 
branched,  and  often  connate :  carpels  usually  five  and  then  anti- 
petalous,  often  forming  a  multilocular  ovary :  seed  usually  with 
endosperm. 

Order  ].  TiLUCBii.  Sepals  usually  free:  stamens  10  or 
indefinite,  sometimes  polyadelphous ;  in  the  indigenous  species  the 
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staminal  ivhorl  opposite  to  the  sepals  is  sappressed,  and  there  are 
5  antipetalons  staminal  bundles;  anthers  4-localar,  opening  by 
pores  or  valves  :  gynsBceara  usually  completely  syncarpous ;  style 
1 ;  ovary  usually  5-locular,  each  loculus  containing  two  ovules ; 
but  the  fruit  is  generally  only  one-seeded.  Mostly  trees  or 
shrubs:  leaves  alternate,  stipulate. 

The  only  indigenoos  genus  is  Tilia,  the  Lime-tree.    It  has  oblique  leaves  with 
deciduous  stipules ;  the  annual  shoots  have  not  a  tenxunal  bud.    The  inflor- 

escenoe  is  oymose,  few*  flowered  :  the 
peduncle  is  adnate  to  the  leafy  bract ; 
this  is  brought  about  in  the  following 
manner:  in  the  axil  of  the  leaves 
there  is  usually  a  bud»  together  with 
an  inflorescence  (Fig.  412) :  the  bract 
(Fig  412  h)  and  the  bud-scale,  which 
is  opposite  to  it,  are  the  first  two 
leaves  of  the  axillary  shoot  which  is 
terminated  by  the  inflorescence,  the 
peduncle  of  which  is  adnate  to  the 
bract  for  some  distance :  the  bud  is  a 
winter-bud  developed  in  the  axil  of 
the  above-mentioned  bud-scale.  The 
inflorescence  itself  terminates  in  a 
flower ;  other  flowers  are  borne  in  the 
axils  of  its  two  braoteoles,  and  other 
flowers  again  may  be  developed  in  the 
axils  of  their  bracteoles,  and  so  on. 
7.  platyphyllos,  the  large-leafed  Lime, 
has  a  few-flowered  inflorescence,  and 
leaves  which  are  bright  green  and 
downy  on  the  under  surface :  T.  cor- 
data  has  an  inflorescence  which  con- 
sists of  a  large  number  of  flowers,  and 
has  small  leaves  which  are  bluish- 
green  and  pubescent  with  red  hairs  on 
the  under,  surface.  T.  nUgarU  is  the 
common  Lime.  In  the  American 
species  the  innermost  stamens  are 
staminodia.  Gorchorus,  in  the  East 
Indies,  yields  Jute,  which  consists  of 
the  bast- fibres. 


Fio.  412.— Inflorescence  of  the  Lime,  TUia 
platyphyVos:  a  branch;  h  petiole  with 
ftzillary  bud.  Attached  to  the  pednncle  is 
the  bract  (H) :  k  calyx ;  e  corolla;  s  stamens; 
/ovary;  kn  flower-bud  (nat.  site). 


Order  2.  Stkrculiack*. 
Calyx  gamosepalous :  andrcBcium  obdiplostemonous ;  the  stamens 
which  are  opposite  to  the  petals  are  5  or  multiple,  sometimes 
more  or  less  monadelphous  ;   those  which  are  opposite  to  the 
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sepals  are  staminodes  or  they  are  suppressed :  anthers  4-Iocalar  : 
the  corolla  is  sometimes  wanting :  gynsecenm  usually  syncarpons, 
with  a  single  style  and  a  5-localar  ovary  with  2-qo  seeds  in  each 
loculns.     Flowers  sometimes  diclinous  (Sterculieae). 

Theohromo  Cacao  is  a  tree  of  tropical  America,  the  seeds  of  vhich  contain  a 
nitrogenous  snbstaDce  Theobromine  and  a  fixed  oil ;  from  them  Chocolate  is 
prepared.  The  seeds  of  ola  acuminata^  a  tropical  African  tree,  have  similar 
properties. 

Oi*der  3.  Malvacea.  Calyx  nsnally  gamosepalous,  frequently 
invested  by  an  epicalyx  (p.  494) ;  the  corolla  is  adnate  at  the 
base  to  the  androecium :  the  typically  obdiplostemonous  androe- 


FI6.4I3.— il  Flower  of  Malva  Alc4a  (nat.size):  k  calyx;  c  corolla;  <  connate  stamens, 
with  the  anthers  (a);  n  stigmata.  B  Fruit  of  AlthcBa  ro8«a  enclosed  in (k)  the  calyx:  oic 
epicalyx.  C  The  same  after  the  removal  of  the  calyx.  D  A  single  coccus  of  the  same  in 
loiigitadinal  section :  •  seed ;  w  radicle ;  •(  cotyledon  of  the  embryo  (mag.). 

cium  is  a  long  tube  (Fig.  413  A)  consisting  of  five  monadelphons 
nsualiy  branched  stamens  which  are  opposite  to  the  petals,  each 
branch  bearing  a  bilocular  anther ;  there  is  sometimes  an  inner 
series  of  staminodes  opposite  to  the  sepals :  carpels  5-qo  ;  styles 
many,  connate;  the  gynsBcenm  is  sometimes  almost  apocarpous 
(Malopese)  ;  usually  syncarpous  with  a  multilocular  ovary,  split- 
ting into  cocci  (Fig.  413  G  D),  with  usually  one  ovule  in  each 
coccus  (p.  ^30),  or  a  loculicidal  capsule  (Hibiscese),  Under- 
shrubs  or  herbs  :  leaves  stipulate  and  genei'ally  palmately  veined. 

Malva,  the  Mallow,  has  an  epicalyx  of  three  bracteoles.  Hibiscus  has  one  of 
many  bracteoles,  and  Altbsa  has  one  of  6-9  bracteoles :  Althaa  rosea  is  the 
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Hollyhook/and  A,  qffieinaUt  is  the  Marsh-mallow :  seTeral  species  of  MalvA  are 
indigenoas,  M.  tyloettrit,  rottmdifolia,  and  mo9chata :  Oostypium  herbaeeum 
(with  the  Tars.  religio$um  and  hinutum)  and  G.  arboreum  in  Egypt  and  the  East 
Indies,  and  O.  barhadenae  (with  rar.  peravianum)  in  America,  yield  Cotton, 
which  consists  of  the  long  bairs  on  the  testa  of  the  seed, 

SSBIES  IL— DISCIFLOB^. 

Flowers  typically  encyclic  and  generally  pentamerons,  often 
obdiplostemonons :  sepals  free  or  coherent :  petals  in  a  single  whorl : 
stamens  nsnally  definite,  and  hypogynons:  a  disc  is  nsnally  present : 
gynaecenm  generally  syncarpons. 

Cohort  I.  Geraniales.  Flowers  nsnally  pentamerons  throngh- 
out;  formula  Kb,  (75,  |  ^5  +  5,  G® ;' generally  obdiplostemonons: 

the  carpels  are  opposite  to  the  petals : 
ovary  nsnally  5-locnlar,  with  1  or  2 
suspended  ovnles;  the  micropyle  is 
directed  inwards:  disc  various  or 
wanting. 

Order  1.  Geraniaceje.  Disc  usually 
represented  by  a  gland  at  the  base  of 
and  outside  each  of  the  antisepalous 
stamens :  flowers  nsnally  aotinomor- 
phic :  stamens  connate  at  the  base  : 
the  carpels  are  prolonged  into  a  car- 
pophore  (Fig.  414  A  a) ;  two  ovules  in 
each  locnlus;  the  fruit  is  septicidal 
from  below  upwards,  the  awns  of  the 
separating  carpels  (cocci)  rolling  up 
n  i^^g'  ^1^  ^)'     Seed  devoid  of  endo- 

sperm.    Herbs ;  leaves  simple,  stipn- 

Tig.  414.— Fruit  of  Geraniom.    A       \atQ 
Before,  B  aOer  dehiscence ;  •  pe-  * 

dicel ;  /  locali  of  the  ovary ;  ainB  Geranium  has  10  stamens :  in  most  species 

^ow'^Otoff  )^'°* ;  « and  5 carpo.      ^^  ^^^  ^  expelled  on  the  sndden  roUmgup 

of  the  awn :  Qeramum  pratense^  tylvaiicum, 
$angtdneum^  columbinum,  and  other  species,  the  Crane's-bills,  are  wild  in  Eng. 
land;  G.Roberiianam^  Herb-Bobert,  is  universally  distributed.  Erodiom,  the 
Stork's-bill,  has  the  5  stamens  which  are  opposite  to  the  petals  transfonned 
into  staminodes ;  E,  cicutarium  is  common  in  waste  places.  PelargDniom,  in 
many  varieties,  is  a  well-known  garden-plant:  the  flowers  are  irregular  and 
dorsiventral ;  the  disc  is  absent,  but  the  posterior  sepal  is  provided  with  a 
glandular  spur  which  adheres  to  tbe  pedicel.  The  cocci  of  Erodium  and 
Pelargoniunf  are  indehiscent,  and  are  forced  into  the  ground  by  the  movement 
of  the  hygroscopic  awn. 
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•  Order  2.^  LiNACKiB.  Disc  generally  a  whorl  of  10  small  extra- 
staminal  glands :  formula  K5,  (75,  (  |  ^  f  5  iH  5),  G® :  flowers  acti- 
nomorpbic,  rarely  all  the  whorls  are  tetramerous :  stamens  mona- 
delphons  at  the  base ;  the  whorl  of  stamens  opposite  to  the  petals 
is  replaced  by  staminodia  :  each  locnlns  of  the  ovary  contains  two 
ovules,  and  is  often  divided  into  two  by  a  more  or  less  complete 
false  dissepiment :  seed  usually  contains  endosperm  :  capsule  septi- 
cidal.  Herbs  or  shrubs;  leaves  simple,  entire,  with  or  without 
stipules. 

Linum  uHtat%$Hmum  is  the  Flax :  tbe  strong  bast-fibres  are  used  in  weaving 
linen;  the  seeds  contain  oil ;  the  walls  of  the  outer  cells  of  the  testa  are  muoi- 
laginoos.  There  are  several  British  species  of  Linum*  Badiola,  the,  other 
British  genus,  has  tetramerous  flowers. 

Order  8.  Erythroxtlaceje.  Flowers  regular :  petals  five,  with 
a  ligular  appendage :  stamens  ten,  connate  at  the  base  by  means 
of  a  disc  and  forming  a  tube :  ovary  2-3-locular,  with  one  sus- 
pended anatropous  ovule  in  each  loculus  :  seed  with  endosperm. 

The  wood  of  most  of  the  species  contain  a  red  dye.  The  leaves  of  Erytkroxy- 
Ion  Coca  are  used  as  a  stimulant :  they  contain  oooaSn* 

Order  4.  Oxalidaceje.  Disc  present  as  small  glands  at  the  base 
of  the  antipetalous  stamens,  or  of  all  of  them :  flowers  actino- 
morphic ;  formula  iC5,  C5,  (  I  ^6  +  5),  G^^ ;  the  antipetalous 
stamens  are  sometimes  starainodial ;  those  which  are  opposite  to 
the  sepals  are  the  longest :  ovules  numerous ;  fruit  a  capsule,  or 
more  rarely  a  berry ;  seed  containing  endosperm.  Herbs,  with 
compound  (temate),  generally  exstipulate  leaves. 

Oxalis  Acetoiella,  the  Wood-Sorrel,  is  frequent  in  woods ;  it  contains  much 
potassium  oxalate.  The  tuberous  roots  or  underground  stems  of  some  American 
species,  as  0.  e$ctUentat  crenata,  and  Deppei,  contain  much  mucilage,  and  are 
used  as  food.  Some  species  {e.g.  0,  gracilis)  show  trimorphio  heterostylism 
(p.  455) :  others  {e.g,  O.  Aeetosella),  have  deistogamous  flowers  (p.  458).  The 
leaves  of  Oxalis  and  Averrhoa  show  sleep-movements :  those  of  Biophytum  are 
sensitive  to  touch. 

Order  5.  Balsahinagea.  Disc  0:  flowers  irregular,  dorsi ventral ; 
formula  X5,  05,  1  ^0  +  5,  Q^i  the  posterior  sepal  is  spurred,  and 
the  two  anterior  are  small  or  absent :  the  anterior  petal  is  large : 
ovary  5-locular ;  ovules  numerous ;  the  fruit  is  loculicidally  septi- 
fragal,  the  valves  separate  elastically  and  roll  upwards,  so  that  the 
seeds  are  projected  to  some  distance;  seed  without  endosperm. 
Herbs,  vnth  simple  exstipulate  leaves. 
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Impaiiem  NoU-me-tangere,  the  yellow  Wild  Balsam,  ooevn  in  damp  and 
shady  spots;  the  ripe  fruit  flies  open  with  violence  at  a  tonch.  Impatient 
Baltamina^  an  Indian  species,  is  coltiTated. 

Order  6.  TROPJCOLACEiE.  Disc  0:  flowers  irregular,  asym- 
metric (Fig.  328  B,  p.  613);  formula  ^5,  05,  >14  +  4,  (?®:  the 
posterior  sepal  is  prolonged  into  a  spur ;  the  three  anterior  petals 
are  clawed  and  ciliate :  the  two  median  stamens,  one  belonging  to 
each  whorl,  are  suppressed,  so  that  there  are  eight  instead  of  ten : 
one  ovule  in  each  of  the  three  locnli  of  the  ovary :  seed  without 
endosperm.    Herbs,  with  exstipulate  leaves ;  often  petiole-climbers. 

Tropceolum  majtu  and  minut,  Indian  Cress,  often  wrongly  termed  Nastnrtiam, 
are  nniversally  coltiTated. 

Order  7.  Zygophyllacej:.  Disc  annular,  fleshy:  flowers  acti- 
nomorphic,  5  or  4-merous.  Herbs  or  shrubs  with  decussate,  fre- 
quently paripinnate,  stipulate  leaves :  seeds  with  endosperm. 

Lignum  Vitm  is  the  wood  of  Qtdacwn  officinale  (West  Indies). 

Order  8.  Rutacea.  Disc  usually  annular :  flowers  usually  acti- 
nomorphic  and  obdiplostemonous :  gyneeceum  sometimes  partially 
apocarpous,  but  the  styles  are  usually  connate:  seed  with  or  without 
endosperm.    There  are  numerous  oil-glands  on  the  leaves  and  stems. 

Sob-order  1.  Butia.     The  placentse  project  into  the  locnli  of  the  oyary ; 

each  bears  8  or  more  ovules :  froit  a  locolicidal  capsole :  seed  with  endosperm. 

Ruta  gravcoUhs,  the  Boe,  has  pentameroos  terminal 

*  flowers,  and  tetramerons  lateral  flowers.    Dictamnue 

Fraxinella  has  an  irregolar  doreiventral  flower. 

Sub- order  2.    Diobmsjb.    Ovoles  2  in  each  locolos : 
leaves  simple :  seed  without  endosperm. 
Barosma,  Agathosma,  Empleorom. 
Sob-order  8.    Zanthoztlsjb.    Flowers  osoallj  dioe- 
cious and  polygamooB :  endosperm  usoally  present. 

Zanthoxylum  fraxineum^  from  North  America,  is  a 

Fig.  416.— Diairram  of  tlie      shrub  which  is  sometimes  cultivated. 

flower  of  Dictamnus.  Sub-order  4.  Toddalibjr.    Gynaeceom  syncarpous : 

fruit  iodebiscent,  winged,  dry  or  sncoolent :  seed  with  endosperm. 
Ptelea  trifoliata  is  a  North  American  shrob  with  white  flowers. 
Sob-order  5.    Aurantiba.     Gynsceom  syncarpoos :  calyx  gamosepalous : 
seed  without  endosperm. 

The  genos  Citros  has  an  indefinite  nomber  of  boodles  of  connate  stamens 
(polyadelphous)  (Fig.  416  J),  all  belonging  apparently  to  the  antisepaloos  inner 
whorl :  the  carpels  are  osoally  more  nomeroos  than  the  petals,  and  daring 
ripening  tbey  become  filled  with  a  soccoleot  tissoe  derived  from  their  walls ; 
the  varioos  parts  of  the  flower  and  the  fruit  (p.  532)  contain  moch  ethereal  oil : 
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the  leaf,  whieh  is  typically  pinnate,  is  rednoed  to  its  terminal  leaflet  which  is 
artieolated  to  the  winged  petiole  (Fig.  82  G) ;  the  leaf  is  sometimes  spinous. 

Citrus  medica  is  the  Citron ;  C  medica  yar.  Limonumt  is  the  Lemon ;  C, 
mfdica  var.  Limetta,  is  the  Lime;  Citriu  Aurantiam  var.  Bigaradia  (or  CvtdgarU) 
is  the  Biteror  Seville  Orange,  and  C.  AuranHum  iinense  is  the  Sweet  Orange  ; 
Citrus  nobilis  is  the  Mandarin  Orange ;  and  Citrus  deeumana  is  the  Shaddock  : 
all  orig  nally  derived  from  tropical  Asia. 


Fie.  416.— Flower  and  floral  diagram  of  Citrus.  A  Open  flower ;  o  corolla ;  »  the  partially 
oonnato  stamenB ;  n  the  Bligiua.    B  Bad ;  Ic  calyx ;  c  corolla ;  d  oiUglands. 

Order  9.  MELiACE-fi.  DLsc  various :  stamens  5-10,  generally 
monadelphons ;  the  filaments  have  stipulate  appe;idages  ;  carpels 
nsnally  5  ;  no  oil-glands,  bat  simple  sacs  (p.  139). 

Mahogany  is  the  wood  of  Swietenia  Mahagoni  (America).  The  wood  of  species 
of  Gedrela  is  often  erroneously  termed  *'  cedar-wood  " :  Goarea,  Carapa,  Melio, 
are  other  well-known  genera. 

Order  10.  SiMARUBACEiE.  Disc  conspicuous:  flowers  aotino- 
morphic,  sometimes  diclinous :  stamens  usually  10,  and  then 
sometimes  (e.g.  Ailanthus)  distinctly  obdiplostemonous  :  gynaeceum 
sometimes  apocarpous :  ovule  usually  solitary  in  each  loculus  : 
there  are  no  oil-glands  in  the  leaves,  but  the  cortex  and  wood 
contain  a  bitter  substance. 

Ailanthut  glandulosaf  the  Tree  of  Heaven,  from  China,  is  a  tree  with  mnlti- 
jugate  pinnate  leaves  and  a  winged  indehiscent  fruit ;  it  is  often  cultivated. 

Order  11.  Burseracej:,  Disc  usually  annular  :  flowers  actino- 
morphic  :  gy nasceum  syncarpous  ;  ovary  with  two  ovules  in  each 
loculus :  there  are  resin-passages  in  the  bast. 

Boswellia  serrata  (East  Africa)  yields  Olibanom,  a  gom-resio;  Commiphora 
Schimperi  and  abyssinica  yield  the  gum-resin  Myirh  (Arabia  and  Abyssinia). 

Cohort  II.  Sapindales.  Flowers  typically  pentamerous  and 
obdiplostemonous  but  with  reduction  in  the  androecium,  actino- 
morphic  or  zygomorphic,  sometimes  monosporangiate :  gyneeceum 
oligomerous,  usually  syncarpous.     Mostly  trees. 
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Order  1.  Sapindacej;.  Flowers  nsnally  irrej^lar,  obliqoely  zy- 
gomorphic  or  asymmetric,  in  that  the  two  petals  of  one  side  are 
larger  and  of  somewhat  different  form  to  the  three  others;  of 
these,  one,  which  lies  in  the  plane  of  symmetry,  is  sometimes  want^ 
ing:  two  or  three  of  the  antisepalous  stamens  are  nsnally  sap- 
pressed,  so  that  the  nnmber  is  eight  or  seven ;  they  are  inserted 
within  the  disc:  the  ovary  is  trilocnlar;  ovales  two  in  each 
localos :  seed  without  endosperm. 

iBsoolas  has  opposite,  palmately  compoand,  exstipnlate  leaves  ;  the  flowers 
are  in  terminal  seorpioid  raoemes ;  the  frait  has  a  localicidal  debisoence :  JE. 
Hippoceutanum  is  the  Horse-Cbestnnt,  derived  from  Asia;  JS.  earnea,  ^. 
Pavia,  and  otber  species  are  frequently  cnltivated.  A  great  nnmber  of  genera 
and  species  grow  in  warm  dimates;  they  have  generally  scattered  pinnate 
leaves:  often  climbers  with  branch-tendrils.  The  fleshy  fruit  of  Sapindu* 
Saponaria  makes  a  lather  with  water  like  soap. 


Fig.  417.— Floral  dim- 
gram  of  .fiscalns:  but 
the    missing    stamens 

shoold  be  represented  Fig.  418.— Fmit  of  A.  plato«oid«s,  dividing  into 

as  antisepalons.  two  mericarpe  m ;  s  pedicel ;  /  wings  (naL  sis«X 

Order  2.  Aceraceje.  Flowers  regnlar:  stamens  commonly  eight, 
in  consequence  of  the  suppression  of  the  two  median  ones,  variously 
inserted :  disc  annular,  rarely  absent,  extrastaminal  or  intra- 
staminal :  ovary  bilocular ;  ovules  two  in  each  loculus ;  when  ripe 
the  fruit  splits  into  two  one-seeded  winged  mericarps  (samaras) 
(Fig.  418):  leaves  opposite,  palmately  lobed,  sometimes  compound, 
exstipulate  :  flowers  in  terminal  racemes,  sometimes  in  corymbs, 
with  an  apical  flower :  seed  without  endosperm. 

The  principal  species  of  Acer,  the  Maple,  are  A,  Pseudoplatanus,  the  Sjcamore, 
having  leaves  with  crenate  margins,  flowers  in  elongated  penduldns  racemes, 
blooming  after  the  unfolding  of  the  leaves,  and  parallel -winged  fruits ;  A. 
platanoideit  having  leaves  with  serrate  margins,  flowers  in  short  erect  racemes 
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blboming  before  the  unfolding  of  the  leaves,  an^l  fruits  with  widely  diyerging 
wings  (even  more  than  in  Fig.  418) ;  A^  eampestre^  the  oommou  Maple,  which 
is  sometimes  shrubby,  with  a  trilobate  leaf,  sbort  erect  racemes  of  flowers  which 
bloom  after  the  unfolding  of  the  leaves,  and  fruits  with  wings  which  are  dia- 
metrically opposite.  Some  North  American  species  are  often  cultivated,  such  as 
A,  rubrum^  with  five  stamens  opposite  to  the  sepals,  and  a  rudimentary  disc ; 
A.  datycarpum,  with  the  same  number  and  position  of  the  stamens,  without  any 
corolla^  and  having  dioecious  flowers ;  A,  Negundot  with  compound  3-5  foliolate 
leaves,  and  diceoious  flowers  like  those  of  the  preceding  species.  Sugar  is 
prepared  from  the  sap  of  A,  $aeeharinum  and  dasycarpum  especially. 

Order  3.  PoLiGArACE*.  Flowers  irregular,  dor  si  ventral ;  the 
two  lateral  sepals  conspicaoasly  large  and  known  as  ^'  wings  ** 
(Pig.  419  y)  I  petals  three^  the  two  lateral  being  absent;  the  an- 
terior petal  is  very  large  and  carinate :  stamens  usually  eight, 
forming  a  tube  open  posteriorly,  to  which  the  corolla,  or  at  least 
the  anterior 
petal,  is  adnate  ^         ^ 

(  Fig.  419B):  disc 
rudimentary  : 
carpels  two, 
median,  forming 
a  bilocular 
ovary,  each 
loculus      con- 

1     •    •  .       «  Fio.  419.-— Flower  of  Polygala  grandifiora.    A  Seen  from  ont- 

Tainmg  a  single  gjj^  ^^^^  the  removal  of  the  wing^pal  k.  B  Longiiudinal 
suspended       section:  fcoatyx;  k'  wing;  c  corolla;  s  tube  of  stamene.    (AOer 

ovule:     fruit      ^^"> 

usually  a  capsule.  The  flower  somewhat  resembles  that  of  the 
Papilione®,  but  it  must  be  borne  in  mind  that  here  the  two  "  alae  '* 
or  wings  belong  to  the  calyx. 

The  flower  of  the  Polygalaoes  resembles  that  of  the  Acerace»  in  the  suppres- 
sion of  two  stamens  in  the  plane  of  the  two  carpels. 

Polygala  vulgaris,  amara,  and  others,  the  Milkworts,  are  herbs,  woody  at 
the  base,  occurring  in  woods  and  meadows. 

Order  4.  Anacardiacejs.  Flowers  usually  actinomorphic,  and 
often  diclinous:  stamens  usnally  inserted  on  the  disc,  but  disc 
sometimes  absent :  gynsBoeum  of  but  few  carpels ;  sometimes  one 
only  is  developed,  the  others  being  represented  by  two  or  more 
stigmata;  each  loculus  of  the  ovary  contains  one  anatropous 
ovule  with  dorsal  raphe :  resin-ducts  present :  seed  without  endo- 
sperm. 
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Varions  species  are  cultivated  as  ornamental  plants.   In  Cotinns  many  of  the 
flowers  are  abortive,  and  the  hairy  pedoncles  become  mneb  elongated.    The 

genus  Rhus  inolndes  the  Sumachs;  there  are  no 
antipetalons  stamens:  R,  Coriaria  (Southern 
Europe)  is  need  in  tanning.  PUtacia  vera^  in 
Sonthem  Europe,  bears  edible  seeds  (Pistachio, 
kernels) ;  in  the  flowers  of  tbis  genus  the^petals, 
and  in  the  ^  flower  the  stamens  whish  are 
opposite  to  them,  are  suppressed. 


Fio.  420.— Floral  diagram  of 
Rhus. 


Cohort  Til.  Celastrales.  Flowers 
regular,  frequently  actinomorphic,  4-5- 
merous ;  only  one  whorl  of  stamens, 
which  either  alternates  with  or  is  opposite  to  the  petals,  is  usually 
present :  disc  usually  within,  sometimes  external  to,  the  andrco* 
cium:  ovules  usually  erect:  the  seed  nearly  always  contains 
endosperm.     Trees  or  shrubs. 

Order  1.  Celastracejb.  Formula,  Xh,  On,  An^  O  (n)  or  less, 
n'=4or5:  sepals  imbricate:  stamens  and  carpels  inserted  on  a 
flattened  disc :  stamens  alternate  with  the  petals :  usually  two  ovules 
in  eaph  locnlus  of  the  ovary :  leaves  scattered,  entire,  stipulate. 

In  tbe  genns  Euonymus,  the  Spindle-tree,  the  loculioidal  capsule  contains 
seeds  invested  by  an  orange-coloured  arillode  (p.  459) ;  E,  europcea  occurs  both 
cultivated  and  wild. 

Order  2.  Staphtleaceje.  Flowers  pentamerous :  stamens  alter^^ 
nate  with  the  petals:  disc  intrastaminal :  ovary  generally  trimerous 
and  trilocular ;  ovules  numerous :  leaves  decussate,  pinnate,  stipu*' 
late :  seed  with  small  endosperm. 

Staphylea  pinnata  is  grown  in  gardens. 

Order  3.  Rhamnacej:.  Formula,  Kn,  (7n,  Mn,  G^;  n=4 
or  5:  calyx  usually  gamosepalous,  val- 
vate  :  petals  usually  small  and  often 
hood-shaped  (Fig.  421  c),  enclosiug  the 
stamens  which  are  opposite  to  them  : 
flowers  sometimes  diclinous:  usually  a 
single  ovule  in  each  loculus  of  the  ovary 
which  is  invested  by  a  disc:  leaves 
usually  scattered,  entire,  stipulate :  fruit 

Fio.  421.-Flower  of  Ehamnu.       *  ^^^P®  ^^  *  Capsule. 

Fraa,ala  (mag.) :  k  Bep»l»  con-  jihamnus  cathartica,  the  Buckthorn,  has  op- 

nate  at  the  base  into  a  tabe  (d) ;  .      ,  ,     ,  .  ,       *  '^ 

c hood-Rhaped  petals  enclosing  P08i*e  leaves  and  thorny  twigs:  the  berries  of 

the  stamens  C<i;.  R,  infectoria^  in  Southern  Europe,  yield  a  green 
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or  jt^ow  dye;  R,  Frangula  YAm  scattered  leaves;  its  wood  prodaoes  a  par- 
tioolarly  light  oharooal. 

Order  4.  Ampelidacejb.  Formnla  same  as  in  RliaTDnace8&:  sepals 
small ;  the  corolla  is  often  thrown  o£E  before  it  opens  (Fig.  422  A  c) : 
a  glandnlar  disc  between  the  androeciam  and  the  gyneecenm  : 
ovnles  one  or  two  in  each  locnlasr  fruit  baccate.  Climbing  plants, 
with  stem-tendrils ;  leaves  palmate,  exstipniate  or  stipalate. 

Viti$  vinifera,  the  Grape- Vine,  probably  derived  from  the  East,  is  cultivated 
in  endless  varieties ;  other  species,  snch  as  V,  vulpina  and  LahruKa,  as  also 
AmpelopsU  tiederacea,  the  Virginian  Creeper,  are  also  frequently  cultivated.  The 
tendrils  of  the  Vine  (Fig.  24  d)  are  branches  bearing  scaly  leaves  in  the  axils  of 
which  other  branches  arise:  their  peculiar  position  opposite  to  the  foliage- 
leaves  may  be  explained  as  follows:  the  ordinary  shoots  are  sympodia,  and 
each  tendril  is  the  terminal  segment  of  a  member  of  the  sympodium ;  the  fol- 
lowing member  is  a  shoot  springing  from  the  axil  of  the  foliage-leaf  which  is 
opposite  to  the  tendril. 
Every  third  leaf  has  no 
tendril  opposite  to  it, 
that  is  to  say,  the  mem- 
bers of  the  sympodium 
alternately  bear  one  or 
two  leaves.  The  inflor- 
escences occupy  the 
game  positions  as  the 
tendrils.  Each  leaf  has 
also  a  bud  in  its  axil, 
which  either  remains 
undeveloped  or  gives  rise  to  a  dwarf-shoot :  from  the  axil  of  the  cataphyUary  leaf 
of  the  dwarf-shoot  an  ordinary  shoot  is  developed.  In  some  species  of  Ampe- 
lopsis  {e,g.  A.  Veitchii  and  Roylei)  the  tendrils  attach  themselves  to  flat  surfaces 
by  means  of  discoid  suckers  developed  at  their  tips. 

Order  5.  Aquifoliace^.  Disc  wanting :  one  or  two  suspended 
ovules  in  each  locnlns  of  the  usually  tetramerous  ovary  :  stamens 
free,  or  adnato  to  and  alternate  with  the  petals  :  petals  often  con- 
nate at  the  base :  leaves  scattered,  exstipulate. 

Ilex  Aquifolium,  the  Holly,  with  its  coriaceous,  spinous,  evergreen  leaves,  is 
common  in  plantations  and  woods :  fruit  a  berry.  The  leaves  known  in  com- 
merce as  Paraguay  tea  are  derived  from  /.  paragtiensU  in  South  America. 

Order  6.  Thymbljiacejc.  Flowers  more  or  less  perigynous, 
viritb  a  disc;  calyx  and  receptacle  petaloid,  with  a  fonr-lobed 
limb  (Fig.  329  D)  ;  corolla  often  suppressed,  or  more  or  less  rudi- 
mentary :  stamens  sometimes  in  two  whorls,  and  then  the  four 
stamens  of^posite  to  the  sepals  are  ins'eil^ed  higher  on  the  tn^  e  of 


Pto.  482.— Flower  of  Fttw  vittifera,  and  diagram.  A  At 
the  moment  of  openin^r*  B  Open ;  k  calyx ;  c  oorolla ;  d 
glands ;  •  stamens;  /oyary ;  n  stigma  ^slightly  mag.X 
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the  calyx  than  the  four  which  alternate  with  the  sepals  (Fig.  423) : 
gyneecenm  usaally  monomerous ;  ovale  suspended ;  fmit  a  berry  : 
seed  without  endosperm. 

Daphne  Mezereon  is  common  in  woods ;  the  usually  3-flowered  infloreseenoet 
are  boroe  in  the  axils  of  the  foliage  leaves  of  the  previous  year,  and  tbej  Uoom 
before  the  development  of  the  leaves  of  the  same  year. 

This  order  is  frequently  placed  among  the  MonochlamydesB,  but  this  position 
is  untenable  in  consequence  of  the  presence  of  a  corolla  in  some  genera  {e.g, 
Gnidia). 

Order  7.  Elaagnagejc.  Flowers  diclinous  or  polygamous,  4-  or 
2-merous;  the  corolla  is  suppressed:  the  stamens  opposite  to  the 
sepals  are  sometimes  wanting  (Fig  424  B)  ;  a  disc  (Fig.  424  A^  d) 
usually  closes  the*receptacle :  fruit  an  achene,  surrounded  by  the 


^ 


Fig.  423.— Calyx  of  the  flower  of  Fig.  424— Flower  of  SioogniM  /imm.    A 

Daphne  Metereon  laid  open  (x  6) :  o  In  longitudinal  section.  B  Floxml  diagram : 

the  fonr  snperior,  « the  four  inferior  fl  disc  (mag. :  after  Sacha). 
stamens,  adnate  to  the  calyx. 

receptacle  or  by  the  whole  perianth:  gynaaceum  monomerous: 
ovule  basal :  seed  with  small  endosperm :  the  leaves  are  covered, 
especially  on  the  under  surface,  with  scaly  haii*s. 

This  order  is  also  frequently  placed  among  the  Monochlamydeas :  but  although 
no  corolla  is  indicated,  tbe  order  must  be  retained  near  the  Thymela»acee9. 

HippophaS  rhanmoides,  the  Sea  Buckthorn,  is  a  shrub  which  is  sometimes 
common  on  the  banks  of  streams;  tbe  smaller  branches  mostly  terminate  in  a 
thorn ;  the  flowers  are  dioBcious  and  dimerous ;  when  the  fruit  is  ripe  the  fleshy 
receptacle  is  of  an  orange  colour.  Elsagnus  has  tetramerous  polygamous  flowers 
(Fig.  424) ;  it  is  commonly  cultivated. 

Cohort  IV.    Euphorbiales.     Flowers  monoeporangiate,  moaos- 
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cions  or  dicecioas  ;  the  perianth  sometimes  consists  of  calyx  and 
corolla,  sometimes  it  is  simple,  and  occasionally  it  is  absent :  the 
ovary  is  asnally  trilocular,  with  one  or  two  anatropons  and  gener- 
ally suspended  ovules  in  each  locnlns:  the  seed  contains  endosperm : 
the  structure  of  the  flowers  is  very  various.  The  affinities  of  the 
cohort  are  not  accurately  known  ;  but  it  can  no  longer  be  retained 
among  the  Monochlamydeae. 

Order  1.     EuPHORBiACEiE.     The  flower  exhibits  all  possible  de- 
grees of  reduction.    The  perianth  may  consist  of  calyx  and  corolla 
(e,g,  some  PhyllanthesB,  such  as  Andrachne,  Savia,  Bridelia ;  some 
Crotonese,  such  as   Chrozophora,  Groton  sub-gen.   Eluteria,  Ja- 
tropha,  Gluytia,  etc.) :  more  commonly  the  corolla  is  suppressed, 
and  in  some  cases  (e.g.  Euphorbia)  the  calyx  also.   The  androecium 
varies  from  1   to  8  stamens:  thus  in 
Euphorbia  the  ($  flower  consists  of  a 
single  stamen,  whilst   in  Ricinus  the 
stamens  are  numerous  and  repeatedly 
branched  (Fig.  333)  :  they  are  some- 
times    isomerous  with    the    perianth- 
leaves.      The   gynsdceum   is   typically 
trimerous,  but  the  carpels  may  be  more 
numerous  (5-20  in  Hura)  or  fewer  (1 
in  Eremocarpus)  :  the  syncarpous  ovary 
has  as  many  loculi  as  there  are  car- 
pels :  each  loculus  contains  one  or  two 

(then  collateral)  .nspended  anatropons  i:':,.*?:!^^!?^ i-^i:: 
ovules,  the  micropyles  of  which  are  in  the  axiu  of  which  are  the 
directed  outwards;    the  micropyle  is     *'^*'»  <^>=  p  ^  **»«   inToincre 

-,       .  ,     ,    ,  .  ;  .1       of  '^«    OP®'^  cyathiam;   dr  the 

usually  invested  by  a  micropylar  aril  glands;  o  the  <y  flowers;  g  the 
(see  p.  459),  often  termed  the  caruncle,  ip^^^  <>'  *»»«  9  flower  (/)  j  n  the 
which  is  conspicuous  on  the  seed.  The  •"*"•*• 
fruit  is  usually  dry  and  dehiscent,  splitting  septicidally  into  cocci. 
A  disc  is  commonly  present,  and  is  frequently  annular  in  the  9 
flowers :  in  the  ^  flowers  the  disc  is  usually  extra-staminal. 

They  are  plants  of  various  habit,  from  herbs  to  trees,  some 
resembling  species  of  Gactaceee.  Many  of  them  possess  laticiferous 
tissue  (absent  in  PhyllanthesB  and  some  Stenolobefle),  consisting 
either  of  laticiferous  coenocytes  (Euphorbieae :  see  p.  142)  or  of 
laticiferous  vessels  (GrotonesB)  :  the  latex  is  usually  milky,  and  in 
this  case  the  laticiferous  tissue  is  more  highly  developed  than 
when  (as  in  Mercurialis)  ^he  latex  is  not  milky. 
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The  inflorescence  requires  special  consideration  :  it  is,  generally 
speaking,  of  the  mixed  type,  the  earlier  branchings  being  racemose 
whilst  the  final  branchings  are  oymose :  in  the  moncDcions  plants, 
as  a  rule,  both  kinds  of  flowers  are  borne  in  the  same  inflorescence, 
the    9  flowers  above,  the  ^  flowers  below. 

In  the  family  Eaphorbieao  the  general  inflorescences  are  cymose 
nrabels  or  dichasia,  the  branches  of  which  terminate  in  what 
were  formerly  regarded  as  ambisporangiate  flowers,  bat  are  really 
inflorescences,  each  one  being  termed  a  cyathium.  The  cyathinm 
consists  of  a  tnbnlar  involucre  (Fig.  425  p),  consisting  of  bracts, 
often  brightly-coloured  (e.g,  Poinsettia),  between  the  five  lobes 
of  which  glandular  appendages,  often  of  a  semilunar  form,  are 
situated  (Fig.  425  dr).  Within  this  involucre  are  numerous  (J 
flowers  in  five  groups,  each  of  which  consists  of  a  single  stamen 
(Fig.  425  a)  and  is  terminal  on  a  long  pedicel,  and  one  $  flower 
(Fig.  425  gr),  consisting  of  a  trilocnlar  ovary  (Fig.  425  /),  at  the 
base  of  which  an  indication  of  a  perianth  may  in  some  cases  be 
detected.  That  the  cyathium  is  an  inflorescence  and  not  a  single 
flower  is  most  clearly  visible  in  the  genus  Anthostema,  in  which  a 
perianth  is  distinctly  developed  roand  each  stamen. 

Of  Euphorbia,  the  Spnrge,  most  indigenous  species  are  annual  herbs,  as  E, 
Peplusj  exigua,  platyphylloi  and  helio»copia  (the  common  Sun  Sparge),  whilst 
others  are  perennial  (£.  amygdaloides^  and  Faralias) :  some  South  European 
forms  are  small  shrubs,  as  E,  dendroides  and  fruticoia :  in  Africa  and  the 
Canary  Islands  the  genus  is  represented  by  species  which  much  resemble 
Caotacete  in  appearance;  their  stems  are  thick  and  cyUndrioal  or  angular 
or  sometimes  spherical,  producing  small  leaves  which  usually  soon  fall  off. 
In  Merourialis  the  flowers  are  apetalous ;  the  ^  flowers  have  a  three-leaved 
perianth  and  numerous  stamens;  the  $  flowers  have  a  similar  perianth 
and  a  bilocular  ovary :  Mercurialit  annua  and  perennU  (Dog*8  Mercury)  are 
weeds,  the  first  common  in  cultivated  ground,  the  second  in  woods;  their 
flowers  are  dioecions.  Bicinus  bears  its  monoBcious  apetalous  flowers  in  a 
compound  infloresoence,  in  which  the  S  flowers  are  placed  below  and  the  $ 
flowers  above:  the  perianth  is  simple  and  five-lobed:  Rieinus  communis  (the 
Castor-oil  plant)  is  a  native  of  Africa,  now  frequently  cultivated ;  Castor-oil  is 
obtained  from  its  seeds.  Croton-oil  is  obtained  from  the  seeds  of  Croton 
Tiglium.  Some  species  of  Pbyllanthus  (Xylophylla)  have  phylloid  branches 
which  bear  their  small  flowers  in  the  axils  of  minute  bristle-like  leaves  situated 
in  indentations  at  the  edge  of  the  phylloclade.  The  root  of  Manihot  uHlis- 
sima,  a  South  American  plant,  when  ground,  constitutes  cassava,  and  it  yields 
the  starchy  meal  known  in  commerce  as  tapioca.  From  Siphonia  elattica,  a 
species  growing  io  Central  America,  most  of  the  caoutchouc  is  obtained. 

Order  2.     Buxacejc.     Disc    wanting : .  flowers    monoecious,    in 
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glomernles  in  which  the  terminal  flower  is  usually  ?  and  the 
lateral  ones  (f  ;  the  latter  flowers  have  a  simple  4-leaved  perianth 
and  four  superposed  stamens  (rarely  numerous)  ;  the  former 
have  a  trilocular  ovary  with  two  ovules  in  each  loculus,  the 
micropyle  of  the  suspended  ovule  heing  directed  inwards:  fruit 
a  capsnle,  with  loculicidal  dehiscence.     For  the  most  part  shrubs. 

Bvxns  tempei-viretUj  the  Box,  is  an  eTergreen  shrab  of  Southern  Europe ;  the 
wood  is  valuable. 

Order  3.  Empetraceje.  Disc  wanting^:  flowers  dioecious,  with 
three  sepals,  three  petals,  three  stamens  or  a  6-9-locular  ovary : 
ovules  solitary,  ascending :  fruit  drupaceous.  They  are  shrubs 
resembling  Heaths  in  appearance. 

Empetrum  nigrum,  the  Crakeberry,  is  a  small  shrub  occurring  in  the  noi-th  of 
Europe  and  in  the  Alps. 

Order  4.  Callitrichace^.  Aquatic  plants,  with  decussate, 
linear  or  ovate  leaves,  in  the  axils  of  which  stand  the  solitary 
diclinons  flowers  which  are  destitute  of  a  perianth :  the  (f  flowers 
consist  of  a  single  stamen;  the  ?  of  a  bilocular,  spuriously 
quadri  I  ocular,  ovary,  with  four  suspended  ovules,  the  micropyles 
of  which  are  directed  outwards. 

Callitriche  vema  and  otber  species,  forming  the  section  Ea-oallitriche,  are 
either  partially  submerged  or  they  creep  on  muddy  banks,  and  in  them  pollin- 
ation takes  place  in  the  air :  but  in  the  section  Pseudo-callitriche  (of  which  C. 
aiUumnalu  is  the  British  representative)  the  plants  are  entirely  submerged,  and 
consequently  pollination  takes  place  under  water  (see  p.  4B4). 

This  order  has  been  associated  with  the  Haloragidac  sb;  but  the  general 
structure  of  the  flower,  especially  the  remarkable  reduction  which  it  presents, 
and  the  number  and  attachment  of  the  ovules,  seem  rather  to  indicate  affinity 
with  the  EuphorbiacesB. 

SEBIES  in.    CALYCIFLOR^. 

Flowers  epigynous  or  perigynous :  calyx  usually  gamosepalous : 
stamens  definite  or  indefinite :  gynaBceura  syncarpous  or  apo- 
carpous. 

Cohort  I.  Umbellales.  Flowers  regular,  sometimes  actino- 
morpbic,  epigynous,  with  generally  a  single  whorl  of  stamens 
opposite  to  the  sepals  :  calyx  inconspicuous :  ovary  bilocular,  with 
one  ovule  in  each  looulus :  a  disc  between  the  stamens  and  the 
styles :  inflorescence  usually  umbellate :  seed  containing  endo- 
sperm :  leaves  exstipulate. 

V.  s.  B.  s  s 
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Order  1.  Umbelliferje.  Flowers  generally  regular,  bat  zjgo- 
morphic  in  consequence  of  oligomery  in  the  gynieceum  (p.  508): 
formula,  Kb,  (75,  A5,  Gw '"  the  calyx  is  generally  very  small,  often 
hardly  visible,  though  sometimes  well  developed  {e.g.  Eryn- 
giam,  Astrantia) :  the  corolla  consists  of  five  rather  small  white  or 
yellow  petals  ;  occasionally  the  outermost  petals  of  the  flowers  at 
the  circumference  of  the  umbel  are  larger  than  the  others,  and  the 
umbel  is  then  termed  radiant :  stamens  five  ;  ovary  inferior,  bi- 
locular :  the  base  of  the  two  styles  is  fleshy  and  thickened,  forming 
an  epigynous  disc  (Fig.  426  A  d)  ;  one  suspended  ovule  in  each 
loculus  of  the  ovary  (Fig.  338  E) :  the  fruit,  when  ripe,  splits 
into  two  mericarps,  each  loculus  of  the  ovary  being  permanently 


Fie.  428.— J  Flower  of  Foeniculum  (mag.):  /  ovary;  c corolla;  «  stamens ;  d  disc.  B 
Fruit  of  Heracleam  :  p  pedicel ;  g  style  ;  r  r  r  ridges  (coste) :  rr  maricinal  ridges ;  o  oil- 
ducts  (vittie)  (majr.)*  C  Transverse  section  of  merioarp  of  Carvim  Carut  (Onfcosp«mM<r) : 
m  surface  that  tsomes  into  contact  with  the  other  mericarp;  ovittCB;  •  endoeperm.  D 
Transverse  section  uf  merioarp  of  Coninm  (Oampylo«i>«rm«(r).  B  Fruit  of  CoriMndmm, 
(C(Blosp6rmecB) :  Ic  margins  of  the  surface  along  which  the  two  mericarps  are  in  contact ;  r 
ridges ;  n  secondary  ridges :  F  section  of  a  mericarp.  (Ifag.) 

closed  by  a  median  septum  (Fig.  427a;  see  p.  530).  The  struc- 
ture of  the  pericarp  is  an  important  charactenstic  for  the  classifica- 
tion of  the  family.  The  fruit  is  commonly  either  oval  in  form,  or 
compressed  (Fig.  426  J9),  or  nearly  spherical  (Fig.  426  E)  :  its  sur- 
face generally  bears  longitudinal  ridges  (costm  or  juga primarta)  en- 
closing vascular  bundles,  five  generally  on  each  mericarp;  of  these, 
two  run  along  the  margins  (Fig.  426  B,  0,  D,  rr\  and  the  other  three 
along  the  dorsal  surface  (Fig.  426  B,  C,  D,  r).  In  the  spaces  be- 
tween the  ridges  which  form  furrows,  lie  oil-docts  or  receptacles 
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(viit(B)  (Fig.  426  B,  (7,  o),  and  sometimes  other  secondary  ridges, 
(juga  secundaria)  (Fig.  426,  E,  F,  n),  which  do  not  enclose  vascular 
bandies.     The  mericarp  when  ripe  is  filled  by  the  seed,  which 
consists  of  the  abundant   endosperm  (Fig.   426  C,  D,  F,  e)  en- 
closing a  small  embryo.     According  to  the  form  assumed  by  the 
endosperm,  the  following  groups  may  be  distinguished :  the  Ortho- 
gperm€(je,  in  which  the  surface  of  the  endosperm,  which  is  directed 
towards  the  plane  of  junction  of  the  two  mericarps,  is  flat  or  con- 
vex, as  in  Carum  (Fig.  4*26  (7) :  the  Gampylpspermece,  in  which  the 
endosperm  is  concave  towards  the  same  plane,  as  in  Conium  (Fig. 
426  2>),  and  the  GoslospermecBt  in  which  the  whole  endosperm  is 
curved,  so  that  it  is  seen  to  be  concave 
towards  this  plane  both   in  longitudinal 
and  in  transverse  section,  as  in  Coriander 
(Fig.  426  F), 

The  flowers,  with  few  exceptions  (Hy- 
drocotyle,  Astrantia,  Eryngium),  are  in 
compound  umbels ;  in  some  few  cases,  as 
in  Daucns,  the  umbel  has  a  distinct  ter- 
minal flower  which  is  black  in  colour  :  an 
involucre  and  involucels  are  largely  de- 
veloped in  some  species,  in  others  they 
are  wholly  wanting.  The  hollow  stem 
bears  large  leaves  with  generally  well- 
developed  sheathing  bases  and  much 
divided  laminee :  rarely  the  leaves  are 
simple,  as  in  Hydrocotyle  and  Bnpleurum. 

The  British  genera  are  arranged  as  follows : — 
Sub- order  I.    OBTuosPERMSiB. 

A.  Umbels  simple. 

Tribe  1.  Hydroeotylea.  Fruit  laterally  com- 
pressed. The  genus  Hydrocotyle  consists  of 
marsh-plants  with  peltate  leaves  (Fig.  31). 

Tribe  2.  SnnieuUa.  Fruit  nearly  cylindrical 
genera  Astrantia,  Eryngium,  and  Sanicnla. 

B.  Umbels  compound. 

Tribes.  Amminea,  Fruit  without  secondary  ridges,  laterally  compressed: 
Ammi,  Bupleuram,  Petroselinum,  Apium,  ^gopodium,  Carum  (Figs.  426  C, 
and  427),  Cicuta,  Sium,  Pimpinella,  Trinia,  Conopodium,  Sison. 

Tribe  4.  Setelinea.  Secondary  ridges  absent,  or  if  present  (Siler)  not  so 
prominent  as  the  primary :  fruit  not  compressed:  ^thusa,  Foeniculum,(EnaDtbe, 
Seseli.  Meum,  Ligusticum.  Silaus,  Grithmum,  Siler. 

Tribe  5.    Angtlicea.    Fruit  without  secondary  ridges,  dorsally  compressed, 


Fio.  427.— Fmit  of  Carum 
Carut.  A  Ovary  of  the  flower 
(/).  B  Ripe  Pruit.  The  two 
carpels  have  separated  bo  as 
to  form  two  merioarps  (mX 
Part  of  the  septnm  consti- 
tutes the  carpophore  (a). 

This  group  includes  the 
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the  lateral  primary  ridges  winged,  tbe  wings  of  the  two  mericarps  divergent ; 
Angelica,  Archangelica. 

Tribe  6.  Peucedanea,  Fruit  without  secondary  ridges,  dorsally  compressed, 
the  lateral  primary  ridges  winged,  the  wings  of  the  two  mericarps  apposed: 
Peuoedanum  (incl.  Imperatoria),  Pastinaca,  Heracleum,  Tordylium. 

Tribe  7.    Daueinea.    The  secondary  ridges  are  spinous :  Daucus. 

Sab-order  II.    Gampilobpebhbjb. 

Tribe  8.     Caucalinea,    Secondary  ridges  spinous :  Gancalis  (inol.  Torilis). 

Tribe  9.  Smyrniea.  Fruit  without  secondary  ridges :  Anthriscus,  Myrrbia, 
Gonium  (Fig.  426  D),  Smymium,  Physospermum. 

Sub-order  III.    Ccelospbrmejb. 

Tribe  10.  Scandicea,  Fruit  sub-globose,  without  secondary  ridges :  Scan- 
dix,  Ghffirophyllum,  Eohinophora. 

Tribe  11.  Coriandrea,  Fruit  spherical ;  secondary  ridges  more  prominent 
than  the  wavy  primary  ridges:  Gonandrum  (Fig.  426  £,  F), 

AnthrUeui  silvettris^  the  Cow-Parsley  ;  Carum  CariU,  the  Garaway  ;  Herac- 
leum Sphondylium^  the  Cow- Parsnip ;  Mgopodium  Fodagraria^  the  Gout- Weed  ; 
Fattinaea  saliva,  the  Wild  Parsnip,  are  common  in  meadows  and  woods: 
Crithmum,  the  Samphire,  grows  on  rocks  by  the  sea:  Ecbinophora,  the 
Prickly  Samphire,  growing  on  nandy  sea-shores,  has  been  exteiminated  in 
Britain.  The  following  are  cultivated  :  Apium  graveolem,  Gelery ;  Petro* 
selinum  sativum^  Parr  ley ;  Daucus  Carota,  the  Garrot ;  Pastinaca  oleraeea,  the 
Parsnip ;  Anthriscus  Cerefvlium,  the  Ghervil.  Tbe  following  are  poisonous : 
CoiUum  maculatum,  the  Hemlock;  Cicuta  viTota^  the  Water-Hemlock; 
jEthusa  CyuapiuMi  Foors-Parsley. 

Order  2.  Araliace^.  Flowers  generally  pentamerous ;  stamens 
sometimes  more  numerous ;  carpels  more  or  less  numerous  :  fruit, 
a  berry  or  a  drupe.  Shrubs,  sometimes  root-climbers,  with 
scattered  palmate  leaves. 

Hedera  Helix,  the  Ivy,  does  not  blossom  till  it  is  some  years  old  :  the  umbels 
are  borne  on  erect  branches,  the  leaves  of  which  are  entire.  Fatsia  papyri/era 
is  used  in  Japan  for  making  a  kind  of  paper  known  as  rioe-paper  ;  it  is  made 
from  the  pith. 

Order  3.  CoRNACEiE.  Flowers  tetramerons,  isobilateral  (see  p. 
508),  with  a  usually  dimerous  bilocnlar  ovary:  fruit  nsnallj  a 
drupe.     Shrubs  with  woody  stems  and  entire  opposite  leaves. 

Curnus  mas,  the  Gomel,  has  yellow  flowers  which  bloom  before  the  unfolding 
of  the  leaves,  and  a  red  fruit:  C,  sanguinea  and  suecica  are  common  shrubs: 
Aucuba  japonica  has  dioecious  flowers,  and  a  monomerous  baccate  fruit. 

Cohort  II.  Passiflorales.  Flowers  frequently  monospo- 
raugiate,  regular;  epigynous,  perigynous  or  hypogynous;  penta- 
merous :  stamens  in  one  or  two  whorls,  or  indefinite :  gynse- 
ceum  syncarpons ;  ovary  usually  trimerous  and  unilocular ;  ovules 
numerous,  on  paiietal  placentae. 
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Order  1.  PASSiFj.ORACEiE.  Flowers  pentamerons,  perigynous, 
sometimes  dioBcions ;  l^tween  corolla  and  androecium  there  is  a 
so-called  corona  consisting  of  a  number  of  filamentous  appendages, 
probably  representing  a  disc  (see  p.  527)  :  the  gynaBcenm  fre- 
quently, and  sometimes  also  the  andrcecium,  is  elevated  upon  an 
elongation  of  the  axis  (gynophore,  or  gonophore,  p.  495)  :  stamens 
five,  often  monadelphous,  opposite  to  the  sepals :  ovary  unilocular 
with  three  parietal  placentse :  leaves  palmate.  Climbing  plants, 
with  tendrils,  each  tendril  being  a  lateral  axillary  branch,  and 
frequently  the  main  axis  of  an  inflorescence. 

Several  species  of  Passiflora,  the  Passion-Flower,  from  tropical  Ajneriea,  are 
coltiTated. 

Order*  2.  Papayace*.  Flowers  diclinous,  hypogynous :  stamens 
in  two  whorls :  ovary  usually  unilocular  with  ^ve  parietal 
placentsB. 

Cariea  Papaya,  the  Papaw,  is  eoltiyated  in  the  tropics  on  accoant  of  its 
edible  fruit :  its  latex  is  rich  in  proteolytic  ferment  (papaiu). 

Order  3.  BEaoNiACEiE.  Affinity  doubtful.  Flowers  diclinous; 
perianth  rarely  heterochlamydeous :  the  ^  flowers  have  two 
dimerous  petaloid  perianth- whorls,  and  indefinite  stamens  crowded 
together :  the  ?  flowers  are  epigynous ;  the  perianth  consists  of 
five  petaloid  leaves;  the  ovary  is  usually  trilocular,  with  numerous 
anatropous  ovules  borne  on  axile  placentae :  fruit  a  capsule :  leaves 
often  very  large,  usually  oblique :  inflorescence  cymose,  the  (^ 
flowers  being  terminal  on  the  first  branches,  the  ¥  terminal  on 
the  last. 

Many  species  of  Begonia,  derived  from  the  cropiee,  are  eoltiyated  as  orna- 
mental plants^ 

Order  4.  Cucubbitacejb.  Flowers  diclinous  or  polygamous,  often 
irregular :  corolla  of  five  petals,  often  gamopetalous :  stamens 
epipetalous,  five,  but  they  frequently  cohere,  either  in  pairs,  so 
that  there  appear  to  be  but  three  (Fig.  428,  diagram),  or  all 
completely  into  a  single  continuous  ring  (Cyclanthera) ;  the 
anthers  are  commonly  long  and  sinuous  :  ovary  inferior,  unilocular, 
becoming  spuriously  multilocular,  with  one  or  (more  often)  many 
ovules;  it  is,  however,  often  described  as  multilocular  (usually  3) 
with  projecting  axile  placentas :  fruit  baccate,  a  pepo  or  a  succu- 
lent berry,  often  of  great  size,  with  a  relatively  thick  and  solid 
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pericarp :  seed  without  endosperm.     Herbs  with  scattered  leaves, 
mostly  climbers,  with  tendrils  growing  by  the  side  of  the  leaves. 

There  is  considerable  difference  of  opinion  as  to  the  morphological  nature  of 
the  tendril  in  this  order,  but  it  appears  to  be  essentially  a  leaf,  in  fact  the  first 
leaf  of  the  flowering-shoot  which  arises  in  the  axil  of  the  related  foliage-leaf : 
the  vegetative  branch,  which  is  always  developed  by  the  side  of  the  flowering- 
shoot,  seems  to  spring  from  the  axil  of  the  tendril  The  tendril  often  bears  a 
number  of  branches  at  its  distal  end,  but,  whether  simple  or  branched,  its 
structure  shows  that  the  proximal  portion  corresponds  in  structure  to  a  petiole, 
whilst  the  distal  irritable  portion  (including  the  branches)  has  a  bilateral 
structure  which  suggests  correspondence  wih  a  lamina. 

Cucwrbita  Pepo  \9  the  Pumpkin :  the  genus  Guoumis  has  free  stamens ; 
Cacumis  tativa  is  the  Cucumber,  and  Cucumii  Altlo  ia  the  Melon:  CitruWu 

vulgariM  is  the  Water  Melon. 
The  genus  Bryonia  has  a  small 
white  corolla ;  the  loouli  of  the 
ovarjr  are  2-Beeded,  and  the 
fruit  is  a  succulent  berry ;  i?. 
dioica  is  common  in  shrubberies 
and  hedges. 

Order  5.  Cactace^. 
Flowers  acyclic,  epigyn- 
ons,  with  numerous  sepals, 
petals,  and  stamens,  which 
gradaally  pass  into  each 
other:  ovary  nnilocular, 
with  three  or  more  parietal 
pla<.*ent8e :  ovules  horizon- 
tal; endosperm  little  or 
none  :  stems  of  the  most 
various  forms  :  leaves  nsn- 
"^^r"^>^^  ally  represented  by  tufts 

of  spines.  They  are  in- 
digenous to  the  dry  dis- 
tricts of  tropical  and  sab- 
tropical  America,  but 
many  have  been  intro- 
duced into  the  eastern  hemisphere :  however,  a  species  of  the  genus 
Rhipsalis  (E.  Cassytha)  is  indigenous  to  South  Africa  and  Ceylon. 

The  CactacesB  are  typically  xerophilons  plants :  in  consequence  of  the  great 
reduction  of  the  foliage-leaves,  their  transpiration  is  comparatively  slight,  and 
the  succuleut  stems  serve  to  store  relatively  large  quantities  of  water.  They 
are  protected  from  being  eaten,  by  the  development  of  numerous  spines. 


Fig.  428.— J  Longitudinal  section  of  9  flower  of 
Cucamis:  /  ovary;  $k  ovnles;  ilc  calyx;  C  corolla; 
n  stigma ;  tt'  rudimentary  stamens.  B  Longitiidi- 
n«U  section  of  6  flower;  »t  stamens ;  n'  mdimentary 
ovary ;  the  corolla  (c)  is  not  all  shown  (somewhat 
mag.).    Floral  diagram  of  Cucurbita. 
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Mamillftria  has  a  spherical  or  cylindrical  stem  on  which  tubercules,  arranged 
spirally  and  bearing  spines,  represent  the  leaves.  Echinopsis  and  Echinocactas 
have  angular  ridges  on  which  the  tofts  of  spines  grow.  Cerenshas  an  angular, 
colomn«r,  elongated  stem.  Pbyllocactus  and  Bbipsalis  have  compressed  leaf- 
like stems.  Opuntia  and  Nopalea  have  flattened  stems  composed  of  a  suc- 
cession of  flattened  ovate  shoots.  The  Cochineal  insect  lives  on  Nopalea  eocci- 
nelUfera, 

Cohort  III.  Myrtales.  Flowers  usnallj  actinomorphic, 
encjclic,  epigynous  or  perigynous,  with  usually  two  whorls  of 
stamens,  typically  obdiplostemonoas :  gynsBcenm  syncarpous,  with 
usually  a  single  style  :  leaves  usually  opposite. 


B  If 


Fio.  489.— il  Flower  of  Fachsia :  «  pedicel ;  /  inferior  ovary ;  k  sepals,  connate  at  the 
base,  forming  a  tabe  (r)  •  a  stamens ;  g  style  ;  n  stigma.  B  Flower  of  £p  lohiM,m  Kirtut^m. 
(letters  as  before).  C  Fmit  of  Bpilobium  after  dehiscence ;  to  outer  wall ;  m  colomella 
formed  by  the  septa ;  «a  seed  with  tafts  of  hairs  (nat.  size). 

Order  1.  ONAGRACEiE.  Flowers  usually  tetramerous  throughout, 
generally  epigynous :  antipetalous  stamens  sometimes  suppressed  : 
ovary  multilocular,  with  generally  numerous  ovules  on  axile 
placentas:  fmit  a  berry  or  a  capsule;  seed  without  endosperm. 
Calyx  often  petaloid,  forming  a  long  tabe  (Fig.  429  A^  r). 

CEnothera  biennis^  the  Evening  Primrose,  occurs  on  river  btnki ;  the  seed  has 
not  a  tuft  of  hairs,  and  the  flowers  are  yellow.  Eiilobium  is  the  Willow  Herb, 
of  which  many  species  are  common  ;  E,  angustifolium,  hirsutum^  aud  montanum 
occur  in  fields,  hedges,  and  ditches ;  the  seeds  have  a  tuft  of  long  hairs  ;  flowers 
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red;  fruit  a  septifragal  eapsule.  Circaa  luUtiana  (Enchanter*8  Nightshade)  has 
dimerous  flowers  K2,  C2,  A2f  (7(2)  (Fig.  823  B) ;  common  in  damp  and  shady 
spots.  Isnardia  palustris  has  no  corolla;  its  fruit  is  a  septieidal  capsule. 
Fuchsia  (Figs.  429  A^  828  A),  many  species  of  which  are  cultivated  as 
ornamental  plants,  is  a  native  of  South  America ;  frait  a  berry. 

Trapa  natans,  the  Water-Chestnut,  a  not  very  common  water-plant  of  Oentr*! 
Europe,  has  a  stem  bearing  a  rosette  of  leaves  which  float  on  the  surface  of  the 
water ;  in  the  axils  of  these  leaves  the  flowers  are  borne  singly :  their  formula 
is  K4i,  (74,  ^4,  G<!),  and  they  are  perigynous:  the  fruit  is  indehiscent,  and  the 
sepals  remain  adherent  to  it  in  the  form  of  four  horns  :  it  contains  two  seeds. 

Order  2.  Halokaoidacejs.  Flower  sometimes  monosporangiate, 
epigjnons,  nsaally  tetramerous  throughout ;  stamens  often  in  two 
whorls,  and  then  obdiplostemonoas :  sometimes  the  corolla  or  the 
whorl   of    stamens   opposite  to   the    petals   is    wanting :    ovarj 

l-4-meroa8,  with  a  single  sus- 
pended ovule  in  each  locnlns; 
seed  containing  endosperm. 

JUyriophyllum  vertieillcUttm  and  spi- 
catum,  the  Water-Milfoils,  are  aquatic 
plants  with  finely  divided  leaves  and 
small,  generally  diclinous,  flowers 
borne  above  the  water  in  terminal 
spikes. 

The  genus  Gunnera  includes  land- 
plants  with  large  leaves :  the  flower  is 
dimerous,  but  is  frequently  reduced  by 
the  suppression  of  the  corolla,  or  of 
one  of  the  series  of  sporophylls  (diclin- 
ous) :  the  dimerous  ovary  produces  but 
Fio.  430. -Part  of  »  flowering  stem  of  ^  gj^  ^^  ^^^^ 
HipyurU  vvlgarU.  The  leaves  are  cut  away.  _,  _.  .  .  x       *  xi. 

(Alter  SachB )  ^^^  genus  Hippuns  consists  of  the 

single  (British)  species  H.  vulgarig 
the  Mare's-tail.  It  is  an  aquatic  plant,  bearing  its  very  much  reduced  flowers 
singly  in  the  axils  of  the  whorled  leaves :  there  is  no  corolla,  and  the  calyx  is 
rudimentary :  there  is  a  single  epigynous  stamen,  and  a  monomerous  ovary 
containing  a  single  suspended  anatropous  ovule. 

Oi-der  3.  LvTHRACEiE.  Flowers  perigynous,  with  usually  both 
whorls  of  stamens :  formula  Ku,  Cn,  \  -4n  +  n,  G*^*,  where  n  =  3 — 16 : 
ovary  free  in  the  hollow  receptacle:  an  epicalyx  formed  by  connate 
stipules  is  often  present :  seed  without  endosperm. 

Ly thrum  Salicaria,  the  Loosestrife,  occurs  in  bogs  and  ditches :  flower 
usually  pentamerous  or  hezamerous :  the  stamens  of  the  two  whorls  are  unequal 
in  length,  and  the  length  of  the  style  also  varies ;  three  forms  of  flowers  stb 
thus  produced  (trimorphism ;  see  p.  455) :  the  other  British  genus  is  Peplis ; 
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p.  Par  tula  is  the  Water-Purslane ;  it  has  usually  hexamerons  flowers  and  an 
indehiscent  fruit:  gjnmeenm  dimerous  in  both  genera.  Several  species  of 
Cuphea,  having  a  dorsiventral  flower,  with  a  posteriorly  spurred  calyx-tube, 
from  Mexico,  are  caltivated. 

Order  4.  Mybtacej!.  Flowers  4-  or  5-merou8,  epigynous :  sta- 
mens often  very  nnmerons,  free,  or  connate  in  usually  antipetalous 
bundles  (Fig.  431) ;  sometimes  few  and  obdiplostemonons :  ovary 
1-cx) -locnlar ;  seeds  l-co  in  each  loculns,  without  endosperm: 
placentation  and  fruit  various:  leaves  usually  opposite,  dotted 
with  oil-glands.     Shrubs  or  trees. 

Tribe  1.    Myrtea,    Fruit  a  berry  or  a  drupe ;  stamens  indefinite. 

Myrtu$  eommunU  is  the  Myrtle  of  Southern  Europe;  the  genus  Eugenia 
includes  a  number  of  ornamental  shrubs,  among  which  is  E,  (Jamhosa)  Caryo- 
phylluiy  the  buds  and  flowers  of  which  yield  the  spice  known  as  cloves  (Fig.  432). 

Tribe  2.  Leptotpermea.  Fruit  a  capsule,  dehiscing  loculicidally  from  above 
downwards:  stamens  generally  indefinite,  frequently  in  bundles  which  are 
opposite  either  to  the  sepals  or  to  the  petals  (Fig.  431). 


Flo.  431.— LoDgitudinal  section  of 
the  flower  of  CalothamniiB :  /  ovary  ; 
•  calyx;  y  corolla;  «t  antipetalous 
bandle  of  stamens;  g  style.  (After 
Sachs.) 


Ffo.  431— Flower-bud  of  JamhoM, 
CaryophyaiM,  the  Clove,  in  lonjptudi- 
nal  section  ;  /the  inferior  ovary,  with 
the  oil-glands  (dr)\  sk  the  ovules;  Ic 
calyx;  c  corolla;  «t  stamens;  a  an- 
thers ;  9  style  (enlarged). 


Callistemon,  Melaleuca,  Metrosideros,  Calothamnus,  and  others,  are  or- 
namental plants :  Eucalyptus  Qlohulus,  from  Australia,  is  much  planted  in 
marshy  districts,  which  it  tends  to  dry  up  by  its  active  transpiration. 

Tribe  3.  Chanuelattciea,  Stamens  often  definite  and  obdiplostemonons: 
ovary  unilocular :  fruit  usually  one-seeded  and  indehiscent. 

Tribe  4.  Lecythide<B.  Fruit  large,  woody,  dehiscing  with  a  lid,  or  inde- 
hiscent ;  leaves  scattered,  without  oil-glands ;  stamens  indefinite.  This  tribe  is 
sometimes  regarded  as  a  distinct  order,  Lkcythidackx. 

Bertholletia  exeelsa  grows  in  tropical  America;  its  seeds  are  known  as 
JBrazil  nuts. 
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Tribe  5.  Oranatea.  Froit  resembling  a  pome  ;  leaves  opposite,  without  oil- 
glands.    This  tribe  is  sometimes  regarded  as  a  distinct  order,  Ponicacka. 

Punica  Grtmatum^  the  Pomegranate,  grows  in  Sonthem  Europe ;  flowers 
6-8-merou8 ;  receptacle  petaloid ;  stamens  indefinite ;  in  the  Ofary  there  are  two 
whorls  of  loculi,  jm  external  superior  of  which  the  loculi  are  as  numerous  as 
and  are  opposite  to  the  petals,  and  an  internal  inferior  consisting  of  three  loculi. 

Order  5.  Rhizophorace*.  Tropical  trees  with  aerial  roots, 
known  as  Mangroves :  the  seed  germinates  in  the  frnit  whilst  it  is 
still  attached  to  the  tree;  when  the  projecting  radicle  has  attained 
a  length  of  one  or  two  feet,  either  the  whole  fruit  drops  off,  or  only 
the  radicle  (incl.  hypocotyl)  ;  in  either  case  the  pointed  free  end 
of  the  radicle  sticks  firmly  in  the  mnd  on  which  the  Mangroves 
grow. 
The  principal  genera  are  Bhizophora,  Bruguiera,  Carallia. 

Cohort  IV.  Resales.  Flowers  actinomorphic  or  zygomorphic, 
nsnally  ambisporangiate  and  perigynons :  stamens  rarely  fewer  in 
number  than  the  petals  or  eqnal  to  them,  generally  indefinite  in 
numerous  whorls  :  gyneecenm  more  or  less  completely  apocarpoas : 
ovules  anatropons,  suspended  or  erect:  seed  generally  withoat 
endosperm. 

Order  1.  Rosacea.  Flowers  actinomorphic,  rarely  zygomorphic, 
perigynons:  gynaeceum  generally  apocarpous;  carpels  l-oo ;  ovnles 
1  or  few,  anatropous:  frnit  various;  seed  generally  without 
endosperm :  leaves  scattered,  stipulate ;  the  odd  sepal  is  posterior. 

Tribe  1.  Rosea,  Carpels  numerous,  attached  to  the  base  and  sides  of  the 
hollow  receptacle,  which  is  narrow  above  (Fig.  43S  C ) ;  each  contains  a  single 
suspended  ovule ;  when  ripe,  they  are  achenes  enclosed  in  the  fleshy  receptacle : 
the  sepals  are  frequently  persistent  at  the  top  of  it  Shrubs  with  imparipinnate 
leaves;  the  stipules  are  adnate  to  the  petiole  (see  Fig.  316;. 

Many  species  of  Bosa,  the  Bose,  are  wild,  such  as  H.  arvemU^  canina^  and 
rubiyinosa  (Sweet- Briar  or  Eglantine) ;  and  many  others  are  cultivated,  as  R. 
centifolia,  damasceua,  indica,  gallica,  etc. 

Tribe  2.  Spirteea,  Carpels  usuaUy  5,  each  containing  two  or  more  suspended 
ovules ;  they  are  inserted  upon  the  floor  of  the  flat  open  receptacle,  and  become 
follicles ;  the  calyx  is  persistent  till  the  fruit  is  ripe. 

Spiraa  Vlmaria,  Meadow-sweet,  and  S,  Filipendula^  Dropwort,  occur  in  woods, 
meadows,  etc. ;  Sp,  $orbifolia^  tuedia,  tUmifolia,  and  other  species,  Ktrria 
japoniea^  and  Bhodotypus  (with  drupes),  are  ornameotal  shrubs. 

Tribe  3.  Prnnea.  The  single  carpel  containing  two  suspended  ovules,  is 
inserted  on  the  floor  of  the  receptacle  (Figs.  483  A  and  434  A) ;  the  reoeptacle 
and  the  calyx  lall  off  when  the  fruit  is  ripe :  stamens  usually  in  three  whorls 
of  5  or  10 ;  fruit  a  drupe  (Fig.  844) ;  only  one  seed  is  usually  present. 

Prunus  is  the  principal  genus  of  tbe  tribe.  In  the  sub-genus  Amygdalus  the 
fruit  has  a  furrowed  coriaceous  endocarp  ;  Prunua  Amygdala*  (A,  communis). 
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the  Almond- tree,  and  nana,  are  trees  of  Southern  Europe ;  P.  Penica  is  the 
Peach  :  in  the  f»ub  genus  Pranophora,  the  fruit  has  a  smooth  stony  endocarp ; 
P.  communis  (spinosii)  is  the  Sloe  or  Blackthorn;  P.  Armenuica  is  the  Apricot 
P.  domettica  is  the  Wild  Plum,  it  has  an  ovoid  fruit  and  glabrous  shoots ;  P. 
insititia  is  the  Bnllace,  it  has  a  globoid  fruit  and  hirsnte  shoots:  in  the  sub- 
genus Cerasus,  P.  Cerasut,  the  Dwarf  or  Morello  Cherry,  has  foliage-leaves  at  the 


Fio.  438. — Dinsrramraatic  longitndinal  secfcinns  of   Rosaceoas  flowers.     A  Pmnen. 
B  Poientilleie.    C  Rosea.    JD  Pomeae :  k  calyx ;  c  corolla ;  /ovaries ;  n  stigmata. 

base  of  its  umbellate  inflorescences ;  P.  Avium,  the  Wild  Cherry  or  Gean,  has. 
only  scales  at  the  base  of  its  inflorescences :  in  the  sub-genus  Laurocerasus, 
P.  MaliaUh,  the  Damson,  has  frugrant  bark ;  P.  Piidua,  the  Bird-Cherry,  has 
elongated  racemose  inflorescences ;  P.  Laurocrrasuty  the  Cherry-Laurel,  has  ever- 
green leaves  which  somewhat  resemble  those  of  the  true  Laurel;  P.  2u«ttonua 
is  the  Portugal  Laurel. 

Tribe  4.  Poteriea,  Flowers  often  monosporangiate :  corolla  often  absent : 
ovaries  few,  often  but  one,  monomerous,  enclosed  in  the  cavity  of  the  receptacle 
which  hardens  as  the  seed  ripens  :  ovules  solitary,  suspended. 

The  genus  Alchemilla  has  tetramerous  flowers  destitute  of  a  corolla,  the 
stamens  (4  or  fewer)  alternate  with  the  sepals;  an  epicalyx  is  present:  A, 
vulgaris,  the  Lady's  Mantle,  and  A,  arvemis,  are  common.  In  the  genus  Pote- 
rium,  the  flowers  of  the  sub-genus  Sanguisorba  (P.  officinale,  the  great  Burnet), 
have  no  corolla,  the  four  staiuens  are  opposite  the  sepals,  and  they  have  no 
epicalyx :  the  flowers  of  the  sub-genus  Poterium  (P.  Sanguisorba,  the  Salad 
Burnt  t),  resemble  those  of  the  pre- 
ceding, but  the  stamens  are  in- 
definite, and  they  are  polygamous. 
The  flower  of  Agrimonia  is  penta- 
merous;  it  ha^  a  corolU  and  in- 
definite stamens  ;  the  outer  surface 
of  the  receptacle  is  beset  with 
bristles. 

Tribes.  Potentillea.  The  ovaries, 
which  are  numerous,  are  inserted 
upon  a  prolongation  of  the  axis  into  ^»o-  434.— J  Flower  of  the  Cherry:  $  pe- 

the  cavity  of   the   receptacle  (Figs.  I*""*^^^'  \  7™^^'  "  "^T^"'  '  ?'? ''™b 

^                         11  jecting  out  of  the  cavity  of  the  receptacle.    B 

438  Band  434  B)  ;  each  usually  con-  y^^it  ^f  ^^e  Blackberry.  Rubus  fruticogut: 

talus  one  ovule.     The  calyx  is  often  h  calyx ;  /fleshy  ovaries. 
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surrounded  by  an  epioaljx  formed  by  the  connate  stipules  of  the  sepals  (Fig. 
830  C).  The  stamens  are  usually  indefinite,  each  whorl  consisting  of  as  many 
or  twice  as  many  stamens  as  there  are  petals.  These  flowers  are  distinguished 
from  those  of  the  Hanunculacee,  which  they  somewhat  resemble,  by  the  whorled 
arrangement  of  the  stamens  and  by  the  presence  of  the  hollow  receptacle; 
for  in  Banunculaceous  flowers  the  stamens  are  arranged  spirally  and  the  sepals 
are  quite  free. 

Of  the  genus  PotentiUa,  the  Ginquefoil,  which  has  dry  fruits  and  a  dry 
receptacle,  mwny  species  are  common,  such  as  P.  aiwertna,  the  Silver-weed, 
reptanSf  TormentiUa^  and  others:  the  sub- genus  Sibbaldia  includes  the  species 
P.  procumbenst  which  is  found  on  Scottish  mountains  t  the  sub-genus  Comarum 
includes  the  species  P.Comarum,the  Marsh  Cinquefoil.  Fragaria  is  the  Strawberry; 
the  receptacle  becomes  succulent  as  tbe  fruit  ripens  and  bears  the  small  achenes 
on  its  surface;  F,  vetea  and  elatior  are  found  in  woods  ;  F.  tirginiana  and  other 
North  American  species  are  cultivated.  In  the  genus  Bubus  there  is  no 
epicalyx,  the  ovary  contains  two  ovules,  and  the  fruits  are  succulent  (drupels) ; 
Bubtu  Idau$  is  the  Raspberry  ;  its  fruits  separate  from  the  dry  reoeptade  when 
they  are, ripe  :  in  R.  fruiicogw,  the  Blackberry,  and  R,  cmiui,  the  Dewberry, 
the  upper  part  of  the  receptacle  separates  together  with  the  fruits  when  ripe. 
Dryas  octopetala,  the  Mountain  Avens  (without  epicalyx)  is  a  procumbent 
alpine  shrub  with  an  oval  long- tailed  fruit  (resembling  that  of  Clematis  Vitaltta), 
An  epicalyx  is  present  in  most  species  of  Geum :  Oeum  urbanum  and  rivaU 
(Avens)  occur  in  woods  and  damp  fields ;  the  long  style  is  hooked. 

Tribe  6.  Pomea,  Ovaries  five  tr  fewer,  contained  in  the  cavity  of  the 
receptacle,  connate,  and  adnate  to  the  wall  of  the  receptacle  (Fig.  483  D).  The 
spurious  fruit  is  surmounted  by  the  calyx.  The  individual  fruits  either  become 
hard  and  are  like  small  drupes  imbedded  in  tbe  fleshy  receptacle,  or  they  have 
only  a  thin  wall,  so  that  they  are  m<  re  like  capsules  and  seem  to  be  loculi  of  the 
whole  fruit,  as  in  the  apple  for  instance,  where  the  succulent  portion  is  derived 
from  the  receptacle,  and  the  core  consists  of  the  fruits  enclosing  the  seeds, 
which  are  basal,  generally  two  in  each  carpel.  Stamens  indefinite :  no  epicalyx, 
Sbrubs  or  trees  with  deciduous  stipules. 

I.  With  stony  fruits. 

In  the  genus  Cotoneaster,  the  fruits  project  above  the  receptacle :  in  Gratie- 
gus,  the  Hawthorn,  they  are  completely  enclosed ;  C  Oxyacantha^  the  May,  and 
its  var.  monogyna^  the  common  White  Thorn,  are  common  ;  other  species  from 
the  East  and  from  North  America  are  cultivated :  Mespilus,  the  Medlar,  has  a 
large  fruit  which  is  surmounted  by  the  five  large  sepals. 

II.  With  coriaceous  fruits. 

The  geuus  Cydonia,  the  Quince,  has  numerous  ovules  on  the  ventral  suture  of 
each  carpel ;  the  outer  layers  of  cells  of  the  testa  are  mucilaginous.  The  geuus 
Pyrus  has  two  basal  ovules :  P.communit  and  others  are  the  Pear-trees ;  the 
loculi  of  the  spurious  fruit,  seen  in  transverse  section,  are  rounded  towards  the 
exterior ;  the  fruit  is  not  hollowed  at  the  base  :  the  sub- genus  Mains  includes 
P.  Malws  and  others,  the  Apple-trees ;  the  fruit  is  hollowed  at  the  base,  and 
the  loculi,  seen  in  transverse  section,  are  pointed  towards  the  exterior :  the  sub- 
genus Sorbus  resembles  the  preceding,  but  has  pinnatifid  leaves  ;  it  includes 
P.  Aucuparia^  the  Mountain  Ash  or  Bowan-tree,  as  also  P.   domestica,  the 
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true  Service- Tree,  and  P.  torminalis,  the  Wild  Servioe-Tree :  the  sub- genus 
Aria,  includes  P.  Aria,  the  White  Beam.  The  genus  Amelanchier  includes 
the  European  A.  vulgaris,  and  A,  canadensU^  the  June  Berry.  The  genera 
Baphiolepis  and  Photinia  (incl.  Eriobotrja,  the  Loquat),  include  well-known 
cultivated  flowering  shrubs. 

There  are  two  other  tribes  of  exotic  Bosacea),  the  QuillaieaB,  an«1  the  Chrjso- 
balaneaB,  concerning  which  it  is  impossible  to  go  into  detail ;  in  the  latter  the 
gynieceum,  which  is  monomerous  as  in  the  Prnneffi,  is  peculiar  in  that  the 
style  isgynobasic;  and  in  some  of  the  genera  (HirtellinffiS  the  flower  is 
irregular  and  zygomorphic. 

-  Order  2.  LfiGUMiNOSiE.  Flowers  usually  dorsi ventral,  pengj- 
nons,  pentamerous,  with  calyx  and  corolla :  stamens  ten  or  more  : 
ovary  of  a  single  anterior  carpel ;  ovules  borne  on  the  venti-al 
suture:  fruit  a  legume  or  a  lomentum:  flowers  always  lateral: 
leaves  nearly  always  compound. 

The  LeguminosiB,  more  particularly  the  JPapiliones,  are  remarkable  physi- 
ologically by  the  presence  of  tubercles  on  their  roots,  caused  by  the  attack  of  a 
Fun$;us,  and  by  their  extraordinary  faculty  of  flourishing  in  soils  poor  in  com- 
bined nitrogen :  these  two  facts  are  un- 
doubtedly correlated,  but  the  exact  nature 
of  the  correlation  is  still  a  matter  of  dis- 
cussion (see  Part  IV.). 

Sub-order  1.  Papilioneje.  Flowers  dor^i- 
ventral,  papilionaceous  (Fig.  327  A),  The 
'five  sepals,  the  odd  one  being  anterior,  are 
usually  connate,  forming  a  tube  above  the 
insertion  of  the  corolla  and  the  androecium : 
the   five   lobes  are   usually  unequal  and 

sometimes  form  two  lips,  the  lower  of  three  «      ^«.    «,           •  r  * 

*^  *  Pio.  436.— Flower  of  Xottu  comicu- 

and  the  upper  of  two  teeth :  petals  five,  j^j^  ( somewhat  mag.).    A  With  one 

alternate  with  the  sepals,  imbricate  so  that  ala  removed ;  k  caljx;  Ja  yexillom ; 

the  anterior  petals  are  overlapped  by  those  /  ^^^  >  <  carina.    B  Wiih  the  corolla 

behind  them ;  the  posterior  petal  is  much  removed ;  rtube  formed  by  the  nine 

I  J    ^    J  :         n  J   au            -it         /w  stamene ;  o,  the  free  Btamon  ;  a  an- 

enlarged,  and  is  called  the  vextUum  (Fig.  th    •       ti 

435  A  fa) ;   the  two  lateral  petals,  which 

are  much  smaller,  are  termed  the  ala  (Fig  435  A,  Jl);  the  two  anterior  petals 
are  connate  or  sometimes  simply  apposed,  and  form  a  hollow  boat-shaped  body, 
the  keel,  or  carina  (Fig.  435  A,  a).  In  a  few  cases  the  corolla  is  entirely  or 
partially  suppressed ;  thus  in  Amorpha,  only  the  vexiUum  is  present.  The  ten 
stamens  belong  to  a  single  whorl,  with  direct  diplostemony ;  they  are  either 
connate  and  monadelphous,  forming  a  tube,  or  the  posterior  stamen  may  be  free, 
so  that  the  tube  consists  of  nine  stamens,  and  is  incomplete  posteriorly  (Fig.  435 
1?),  in  which  case  the  androecium  is  diadelphous  (9-1) ;  rarely  the  stamens  are 
all  free ;  they  mostly  curve  upwards,  and  diminish  in  length  from  in  front  back- 
wards. The  ovary,  enclosed  by  the  staminal  tube,  consists  of  a  solitary  anterior 
carpel ;  it  is  often  divided  into  chambers  by  a  spurious  longitudinal  septum,  or 
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by  transverse  septa  into  several  chambers.  The  frait  is  asually  a  legnme  or  a 
lomentam  (Fig.  342  J),  rarely  one-seeded  and  indehiscent :  the  seed  frequently 
contains  scanty  endosperm.  The  flowers  are  solitary  and  axillary,  or  in 
racemes.  The  leaves  are  only  rarely  entire,  usually  palmately  or  pinnately 
compound,  with  often  large  stipules  (Fig.  28  C),  which  are  sometimes  spines 
(Bobinia). 

Tribe  1.  Sophorea,  Stamens  all  free :  leaves  usually  compound  pinnate : 
trees  or  shrubs.    Speoies  of  Sophora,  Cladrastis,  and  Yirgilia,  are  cultivated. 

Tribe  2.  Podalyriem,  Stamens  all  free  :  leaves  usually  simple  or  temate : 
shrubs  or  herbs.  Species  of  Baptisia  and  Thermopsis  are  cultivated  as  herbace- 
ous plants  in  gardens. 

.  Tribe  3.  GeniiUic,  Stamens  usually  monadelphous :  leaves  simple  or  com- 
pound temate. 

In  Ulex,  the  Whin«  Qorse  or  Farze,  Genista  the  Oreen-weed,  Gytisus  (Saroth- 
amnu8)the  Broom,  andLupinus,  the  stamens  are  monadelphous;  in  Genista  the 
leaves  are  simple ;  in  Oytisus  the  leaves  are  temate ;  in  Ulez  the  leaves  are 
temate  in  seedlings,  but  in  mature  plants  they  are  scaly  or  spinous ;  in  Lupinus 
the  leaves  are  palmately  compound.  Cyti^  Labumttm  is  a  well-known  flower- 
ing  tree. 

Tribe  4.  Trifoliea.  The  posterior  stamen  is  usuaUy  free;  leaves  ternabe, 
and  leaflets  with  serrate  margins. 

In  Medicago  (Medick).  Melilotus,  and  Trifolium,  the  stamens  are  diadelphous : 
in  Ononis,  the  Best-harrow,  they  are  monadelphous.  Trifolium  is  the  Clover : 
the  stamens  are  partially  adnate  to  the  corolla ;  the  withered  corolla  persists 
and  encloses  the  small  legnme  :  flowers  in  capitula ;  T.  pratense,  the  Bed 
Clover,  T.  repent^  the  White  Clover,  and  T.  hybridum,  the  Alsike  Clover,  which 
are  common  in  meadows,  and  T,  incaimatunit  from  the  East,  are  cultivated, 
Medicago  has  usually  a  spirally- wound  legume,  and  a  deciduous  corolla ;  If. 
falcata  and  lupulina  are  common ;  3/.  «a(tra.  Lucerne,  is  cultivated.  Melilotus 
(Melilot)  has  a  g'obular  legume ;  M.  alba  and  alti$§ima  are  common  on  the 
banks  of  streams.    Trigonella  is  the  Fenugreek. 

Tribe  5.  Lotea,  Stamens  diadelphous,  the  posterior  stamen  being  free : 
leaves  pinnate  ;  leaflets  sessile,  entire. 

Lotus  comiculatust  the  Bird*s-foot  Trefoil,  with  a  beaked  carina  and  nearly 
straight  legume,  is  common  in  meadows.  In  Anthyllis,  the  Kidney- Vetch,  the 
stamens  are  monadelphous  at  first,  the  posterior  stamen  becoming  more  or  less 
separate :  AntftyUU  Vulneraria,  Ladies'  Fingers  or  Woundwort,  is  common  in 
dry  pastures. 

Tribe  6.  Qalegea,  Stamens  diadelphous :  leaves  multijugate  imparipinnate ; 
leaflets  stalked. 

Inaigo/era  tinctoria,  in  the  East  Indies,  produces  Indigo.  Glycyrrhiia  is  the 
Liquorice.  Colutea,  the  Bladder  Senna,  has  an  inflated  fruit :  C,  arborescent 
and  various  species  of  Caragana  are  cultivated  as  ornamental  plants.  Robima 
Fieudacaciat  the  false  Acacia,  is  a  native  of  North  America,  but  it  has  become 
naturalized.  Amorpha  frutico>'a  is  a  common  shrub  from  North  America. 
Astragalus  has  a  legume  with  a  spurious  longitudinal  dissepiment :  very  many 
species  of  it  occur,  especially  in  the  East. 

Tribe  7.    Hedysarea,    Leaves  imparipinnate ;  stamens  diadelphous :  fruit  a 
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lomentum,  with  transverse  septa,  diyiding  into  segments.  Cotyledons  leafy, 
epigaeal. 

Hippocrepis,  the  Horse-shoe  Yetoh,  and  Goronilla  are  common  in  meadows  ; 
Onobryclm  mtiva,  the  Sainfoin,  is  cultivated.  Arachis  hypogaa^  tbe  Earth- 
Almond  or  Oround-Nat  of  tropical  America,  ripens  its  fruits  in  the  earth. 
Desmodium  gyraus,  tbe  Telegraph-plant,  has  motile  leaflets. 

Tribe  8.  Vkiea,  Stamens  diadelphous:  legume  unilocular;  cotyledons 
hypogean;  leaves  paripinnate  and  usua'ly  cirrbose  (see  Fig.  28  C). 

Vida  saliva^  the  Vetch,  and  V.  Faba^  tbe  Bean,  are  cultivated  :  other  species 
occur  wild.  Puum  saticum  and  arvense^  the  Pea,  are  cultivated.  LeiiM  e$culenta, 
the  Lentil,  belongs  to  Southern  Europe.  Various  species  of  Lathyrns  (incl. 
Orobus)  occur  wild  in  woods :  L.  odoratu*  and  others  are  cultivated. 

Tribe  9.  Phateolea,  Stamens  diadelphous :  legume  unilocular ;  cotyledons 
usually  epigean,  but  not  leafy :  leaves  usually  imparipinnate,  frequently  ternate. 
Mostly  climbing  plants  with  twining  stems. 

Phaseolui  vulgarUt  the  French  Bean,  and  P.  muUiJloruB,  the  Scarlet  Runner, 
are  cultivated.  Wistaria  {Glycine)  chineruit  is  an  ornamental  climber.  Phy- 
sostigma  is  the  Calabar  Bean. 


Pg.  437.— Flower  of  an 
Fio.  486.— Flower  of  a  Cauia  :  Acacia  (mag.) :  Ic  calyx ;  o 

Ir  calyx;  c  corolla;  a  stamens;  a'  con  Ha  ;    tt  stamens,  with 

the  central  shorter  ones  ;  /ovary.  (an)  anthers ;  n  stigma. 

Tribe  10.  Dalbergiea,  Stamens  mono-  or  dia-delphous :  legume  indehiscent ; 
cotyledojds  fleshy. 

Pterocarpus.  Dipteryx  odorata,  the  Tonka  Bean  of  South  America,  contains 
coumarin  in  the  seed. 

Sub-order  2.  C^SALPiNisiB.  Flower  dorsiventral,  but  not  papilionaceous 
(Fig.  327  B  snd  Fig.  486) ;  petals  imbricate  so  that  the  posterior  petal  is 
overlapped  by  those  anterior  to  it;  stam#ns  ten  or  fewer,  free,  more  rarely 
connate :  the  legume  is  frequently  divided  by  transverse  septa,  and  is  in- 
dehiscent  :  flowers  in  panicles  or  racemes :  seeds  often  albuminous. 

Gleditichia  triacanthoi  and  other  species  are  culivated  for  ornament.  Cercis 
Siliqyastrum^  the  Judas  tree,  has  rounded  leaves.  The  wood  of  Catalpinia 
braziliemi*  is  known  as  Pernambnco  or  Brazil  wood.  Hsmatoiylon,  Cassia, 
Bauhinia,  Tamarindus,  aud  Ceratouia  {C.  Siliqua,  the  Carob-tree)  are  other 
well-known  genera. 

Sub-order  3.    Miuoseje.    Flowers  regular;  petals  with  valvate  sestivation 
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(see  Fig.  821):  stamens  ten,  rarely  fewer,  frequently  very  numerons,  free 
(Fig.  437),  usually  much  longer  than  the  perianth  :  legume  sometimes  divided 
by  transverse  septa :  seed  rarely  albuminous :  flowers  usually  grouped  in  spikes 
or  capitula. 

Mimosa  pudica,  the  Sensitive  Plant,  has  irritable  leaves.  Species  of  Acacia 
are  numerous  in  Africa,  Asia,  and  Australia.  In  the  Australian  species  the 
leaves  are  represented  by  flattened  petioles  (phyllodes,  p.  49)  which  are  extended 
in  the  median  plane. 

Order  3.  Platanacej:.  Trees,  with  diclinoas  flowers  in 
capitula  borne  laterally  on  pendulous  branches;  flower  perigynous, 
perianth  differentiated  into  calyx  and  corolla,  3-4-merous :  androB- 
cium  of  but  few  stamens  :  gynaBceum  apocarpous ;  each  ovary 
contains  usually  a  single  ovule,  and  developes  into  a  caryopsis ;  seed 
suspended,    orthotropous,   with    bat    little    endosperm:     leaves 

scattered,     with    persistent     sheathing 

stipales. 

Platanus  occidentalis,  from  North  America, 
with  three-lobed  leaves,  and  P.  orientaUtt  from 
the  East,  with  usually  flve-lobed  leaves,  which 
are  often  cuneiform  at  the  base,  are  frequently 
cultivated  (especially  tbe  former).  The  smooth 
bark,  which  is  shed  in  flakes,  is  very  character- 
istic (p.  212).  The  Plane  may  be  at  once  dis- 
tinguished from  the  Maples,  which  resemble  it  a 
good  deal  in  the  form  of  the  leaf,  by  the  scattered 
FiQ.438.  ?  flower  of  Platanus  arrangement  of  the  leaves, 
(mag.). 

Cohort  V.  Saxifragales.  Flowers  generally  ambisporangiat^ 
and  actinomorphic ;  hypogynous,  perigynous  or  epigynous ;  en- 
cyclic ;  stamens  usually  in  two  whorls,  with  obdiplostemony ; 
ovary  generally  syncarpons,  multilocular,  with  more  than  one  style 
or  stigma ;  ovules  usually  numerous  in  each  loculus ;  seed  with 
or  without  endosperm. 

Order  1.  Saxifragacf^.  Flowers  usually  4-5-merous,  epigy- 
nous or  perigynous,  completely  actinomorphic  only  when  there  are 
five  carpels :  stamens  usually  in  two  whorls ;  carpels  less  numer- 
ous, usually  connate  below  and  free  above  ;  seeds  numerous, 
containing  endosperm. 

Tribe  1.  Saxifr<ige<e,  Flowers  perigynous  or  epigynous,  regular,  but 
generally  zygomorphic  in  consequence  of  oligomery  in  the  gynieceum :  petals 
with  imbricate  aestivation,  sometimes  suppressed:  two  whorls  of  stamens,  bnt 
one  or  other  of  the  whorls  is  suppressed  in  some  genera  and  species  :  carpels 
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Qsaally  two,  diverging  above  (Fig.  335  D) :  infloreBoenoe  of  racemose  cymes : 
fruit  a  capsule :  leaves  alternate. 

The  British  genera  are  Saxifraga  and  Chrysosplenium  :~Saxifraga  has  an 
oblique  bilocular  ovary,  and  the  flower  is  consequently  obliquely  zygomorphic 
(Fig.  324  C) ;  the  receptacle  invests  the  lower  connate  portion  of  the  ovary : 
many  species  occur  in  mountainous  districts,  and  in  several  of  them  there  is  a 
deposit  of  carbonate  of  lime  on  the  margins  of  the  leaves  (see  Fig.  100,  p.  139) ; 
only  a  few  species,  such  as  <Sf.  tridaetylites  and  ffranulata^  occur  in  the  plains : 
Chrysosplenium,  the  Golden  Saxifrage,  has  a  tetramerous  flower  destitute  of  a 
corolla ;  they  are  small  plants,  somewhat  resembling  a  Euphorbia,  occurring  in 
damp  places.  Among  the  more  familiar  cultivated  genera  are  Astilbe  (Hoteia), 
Bodgersia,  Bergenia  (Fig.  439),  Tiarella,  Heuohera,  etc. 

Tribe  2.  Pariui$»iea,  Flowers  perigynous,  often  actinomorphic ;  the  five 
stamens  opposite  to  the  petals  are  transformed  into  glandular  staminodes ; 


Fie.  410.— Flonl  diagram  of  Parnassla ; 
Fio.  4S9.— Loiifcitndinal  section  of  the  bnt  the  whorl  of  antipetalons  stamiDodes^ 

ovary-  of  Bergenia :  g  gtyle ;  n  stigmata ;  should  be  represented  as  external  to  the 

p  placents  (mag.).    (After  Saohs.)  whorl  of  stamens. 

petals  with  imbricate  sestlvation :  ovary  4-5-merous,  unilocular :  fruit  a  loculi- 
cidal  capsule :  leaves  alternate, 

Pamassia  palustrit.  Grass  of  Parnassus,  has  a  whorl  of  radical  leaves,  and 
terminal  and  lateral  peduncles  each  bearing  a  single  flower  and  adnate  to  a 
bracteole :  it  is  frequently  found  in  damp  localities. 

Tribe  3.  Hydrangea,  Flowers  epigynous,  actinomorphic,  obdiplostemonous : 
petals  with  valvate  sBstivation :  carpels  3-5  :  shrubs  with  opposite  leaves. 

Hydrangea  hartenns  is  a  well-known  garden  plant.  The  inflorescence  is  an 
umbellate  panicle,  the  marginal  flowers  of  which  (in  cultivated  plants  all  of 
them)  are  sterile,  having  a  very  much  enlarged  calyx,  and  either  no  stamens  or 
only  the  whorl  of  stamens  opposite  to  the  sepals. 

Tribe  4.  Philadelphea,  Flowers  epigynous,  actinomorphic,  4-5-merou8  : 
stamens  in  two  whorls  but  not  obdiplostemonous,  or  indefinite  :  petals  with 
various  aestivation :  fruit  a  capsule :  shrubs  with  opposite  leaves. 

Philadelphu$  carouarius  (called  Syringa  or  Mock  Grange)  has  sweetly-scented 
tetramerous  flowers.     Deutzia  scabra,  crenata,  and  others  are  cultivated. 

V.  8.  B.  T  T 
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Tribe  5.  Ribetiea.  Flowers  epigynous,  incompletely  actinomorphlc,  penta- 
meroas :  staniens  five,  opposite  to  the  sepals ;  carpels  nsnally  two,  nsnally 
median,  sometimes  lateral  (Fig.  324 B) :  frait  a  berry:  leaves  scattered:  inflo- 
rescence racemose.    Hbmbs. 

Several  species  of  Bibes,  tbe  Cnrrant,  are  cultivated  :  R.  ruhrum  is  the  Bed 
Currant ;  R.  nigrum,  the  Black  Currant ;  R,  Grosmlaria,  the  Gooseberry  :  the 
spines  of  the  last  species  are  developed  from  the  pulvinus. 

Various  species  of  Escallonia  are  cultivated  as  ornamental  flowering  shrobs. 

Order  2.  Crassulace*.  Formnla  Xn,  On,  I  Jn  +  n,  (?n,  wbei'e 
n  =  3 — 30:  flowers  actinomorphie,  perigynons  or  hypogynous, 
with  two  (rarely  one)  whorls  of  stamens :  gynaecenm,  generally 
completely  apocarpous ;  carpels  opposite  to  the  petals,  with  a  scale 
(disc),  external  to  each  carpel :  ovules  numerous,  marginal :  fruit 


Fio.  411.— Flower  of  Bibes  (mag.):   s  Fie.  412.— Flower  of  S«dum  acre  (x  3). 

pedicel ;  k  calyx ;  c  corolla ;  st  stamens  ; 
h  disc  ;  y  styles. 

a  follicle :   seed  with  endosperm :   inflorescence  usually  cymose. 
Plants  with  entire  fleshy  leaves,  arranged  spirally,  often  in  ix)settes. 

Tbe  genus  Sedum  has  usually  pentamerous  flowers  ;  Sedum  acre,  tbe  Stone- 
crop,  is  common  on  walls  and  rocks ;  <Sf.  Rhodiola  has  dioecioos  flowers  (see 
Fig.  318).  S.  TeUphium,  the  Orpine  and  others  are  common.  The  genus  Sem- 
pervivum  has  at  least  6-merous  flowers ;  S.  Tectorum,  the  Houseleek,  and  other 
species,  as  also  species  of  Echeveria,  Crassula,  etc.,  are  frequently  cultivated. 
Tillsea  has  usually  tetramerous  flowers  without  tbe  hypocarpellary  scales. 

Order  3.  Cephalotacej:.  Flowers  apetalous,  perigynous,  6- 
merous :  stamens  in  two  whorls :  gynaeceum  of  six  apocarpous 
carpels,  each  containing  a  single  basal  ovule. 

This  order  consists  of  the  Australian  genus  Cephalotus,  with  tbe  single 
species  C.  foUicularis :  the  lower  of  tbe  tuft  of  radical  leaves  are  pitchered  and 
have  lids. 

Order  4.  PiTTOSPORACEiE.  Flowers  hypogynous :  stamens  five, 
antisepalous :  carpels  2-6,  ovary  syncarpous,  uni-  or  multi-locular, 


Digitized  by 


Google 


DICOTYLEDONES  :   GAMOPETALiE.  641 

With  parietal  or  axile  placentation :  ovules  numerous :  seed  with 
endosperm.  Shrubs  with  simple  exstipulate  leaves,  and  schizo- 
genous  resin-ducts. 

Pittosporum  Tohira^  undulatum^  craitifolium^  are  ornamental  shrubs  from 
Australia. 

Order  5.  Hamamelidacbj;.  Flowers  frequently  diclinous  and 
apetalous,  4-5-merou8,  perigynous,  or  nearly  epigynous :  stamens 
typically  in  two  whorls,  but  one  or  other  of  the  whorls  is  fre- 
quently suppressed :  ovary  usually  bilocular :  leaves  stipulate. 

Hamamelii  virginica,  the  Witch-Hazel,  is  an  ornamental  shrub  from  North 
America,  the  leaves  of  which  somewhat  resemble  those  of  the  Hazel.  Other 
well-known  shrubs  are  Parrotia,  Liquidambar,  etc. 

Order 6.  Podostbmacej;.  Small  aquatic  plants:  flowers  some- 
times diclinous  or  dioecious:  perianth  generally  much  reduced,  and 
sometimes  completely  suppressed  :  stamens  one  or  many,  some- 
times monadelphous :  ovary  superior,  1-  2-  or  3-locular :  seeds 
many. 

A  very  remarkable  group  of  plants,  growing  on  stones,  etc.,  in  swiftly  flowing 
streams  and  rivers  of  the  tropics  :  so  complete  is  their  adaptation  to  their  en- 
vironment that  they  have  more  or  less  completely  assumed  the  general  habit 
and  appearance  of  Lichens,  Algse,  Mosses,  and  Liverworts. 


SUB-CLASS  IL     GAMOPETAL^. 

Flowers  nsually  ambisporangiate :  perianth  differentiated  into 
calyx  and  corolla;  calyx  usually  gamosepalous ;  corolla  generally 
gamopetalous,  in  some  cases  suppressed :  ovary  usually  syncarpous. 

SERIES  L     HYPOGYNiS. 

Ovary  superior  (except  in  Vacciniacese)  :  stamens  epipetalous, 
or  free  and  hypogynons. 

Cohort  I.  Lamiales.  Flower  pentamerous,  nsually  dorsi ven- 
tral :  the  formula  is  generally  >|<  K  (5)  (0  (5)  A  5)  O^^^ ;  corolla 
nsually  bilabiate,  the  two  posterior  petals  being  connate  and 
forming  a  frequently  helmet-shaped  (galeate)  projecting  upper 
lip;  the  anterior  petal,  with  the  two  lateral  petals,  forming  the 
under  lip  :  stamens  epipetalous ;  the  posterior  stamen  is  nsually 
suppressed  or  is  a  staminode ;  the  two  lateral  stamens  are  generally 
shorter  than  the  two  anterior  ones,  so  that  the  flower  is  didynam- 
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ous :  the  two  medmn  carpels  form  a  usually  bilocolar  ovary  Which 
sometimes  becomes  sub-diyided  into  four  loculi :  leaves  scattered, 
or  opposite  decussate,  exstipulate :  the  leafy  shoots  have  no  ter- 
minal flower. 

Order  1.  Labut^.  Stamens  four,  didynamous  (Fig.  443  B); 
rarely,  as  in  Salvia  and  its  allies,  only  the  two  anterior  stamens  are 
developed :  the  bicarpellary  ovary  becomes  subdivided  by  spurious 
dissepiments  into  four  loculi  (see  Fig.  450  0),  which  part,  as  the 

seed  ripens,  into  four 
nutlets  (Fig.  443  C)  ; 
style  gynobasic  :  the 
ovule  in  each  loculus 
is  solitary  and  erect : 
seed  without  endo- 
sperm. Herbs  with 
decussate  leaves  and 
quadrangular  stem. 
The  flowers  are  dis- 
posed apparently  in 
whorls  round  the 
stem,  but  the  inflor- 
escence is  in  fact 
made  up  of  compound 
cymes  or  dichasia, 
termed  verticillasters, 
developed  in  the  axil  of  each  of  the  two  opposite  leaves. 

Tribe  1.    Ocimoidea,    Stftinens  4,  descending. 

Ocimum  basilicum^  the  Sweet  Basil,  from  India,  and  Lavandula,  the  Laven- 
der from  Southern  £urope,  are  cultivated  as  pot-herbs :  several  species  of  Coleus 
are  caltivated. 

Tribe  2.  Menthoidea,  Stamens  4,  eqnal,  ascending,  divergent:  corolla 
almost  regular,  4-  or  5-lobed. 

Many  species  of  Mentha,  Mint,  are  common.  Pogoitemon  Patchouli  yields 
oil  of  Patchouli.  Lycopus  has  only  2  fertile  stamens,  the  two  posterior  ones 
being  abortive. 

Tribe  3.  Satureinea,  Stamens  4,  with  broad  connective,  ascending,  either 
almost  equal  (Thymus,  Origanum),  or  didynamous  and  remote  at  base,  con- 
niving under  the  upper  lip. 

Origanum  vulgare  is  the  Wild  Marjoram ;  the  Sweet  Marjoram  which  is  cul- 
tivated is  an  exotic  species.  Thymu*  Serpyllum  is  the  wild  Thyme  ;  the  garden 
Thyme  is  T.  vulgarist  from  Southern  Earope.  Satureia  kortetuis  (exotic)  is  the 
Summer  Savory.  Varioos  species  of  Galamintha  (stamens  not  divergent)  are  com- 
mon, such  as  C.  arvensist  the  Common  Basil,  and  C,  Clinopodium,  the  Wild  BasiL 


Fio.  443.  A  Flower  of  Lamiuxn,  aide  view :  k  calyx  ;  o 
npper;  u  under  lip.  B  Flower  of  LeounniB  opened :  o 
upper :  u  divided  under  lip ;  s  lateral  lobes  of  the  oorolla ; 
// short, // long  stamens  (mag.).  C  Gymeceom;  n4- 
lobed  ovary;  y  style  (maff.). 
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Tribe  4.  Melunnea.  Stamens  4,  didynamoas,  with  narrow  connective,  re- 
mote at  base,  conniving  under  upper  lip. 

Melism  officinalU,  the  Bahn,  and  Hyssopns,  the  Hyssop,  are  cultivated  as 
pot-herbs. 

Tribe  5.  Monardea.  Stamens  2,  ascending :  one  theca  of  each  anther  is 
either  wanting  or  it  is  widely  separated  from  the  other  (see  Fig.  331 C). 

Salvia  verbenacea^  the  Wild  Sage  or  Clary,  is  common.  Botmaiinm  officin- 
alis, the  common  Rosemary,  is  exotic. 

Tribe  6.  NepeUa,  Stamens  4,  didynamous,  ascending,  parallel ;  the  pos- 
terior two  are  the  longer. 

Nepeta  Cataria,  the  Catmint,  occurs  in  hedges ;  and  Nepeta  GUehoma,  the 
Ground  Ivy,  is  very  common. 

Tribe  7.  Stachydea.  Stamens  4,  didynamous,  ascending,  parallel;  the 
anterior  two  are  the  longer :  upper  lip  of  corolla  usually  arched  (ringent). 

Lamium  album,  the  Dead-Nettie,  and  purpureum,  are  very  common.  Various 
species  of  Qaleopsis  (Hemp-Nettle),  Stachys  (Woundwort  or  Betony),  Marrubinm 
(Horehound),  Ballota,  Melittis,  and  Leonurus  (Mother-wort)  are  found  in 
England. 

Tribes.  ScuteUariea,  Stamens  4,  didynamous,  ascending,  parallel;  calyx 
closed  when  the  fruit  is  ripe. 

In  the  genus  Scutellaria,  the  anthers  of  the  anterior  pair  of  stamens  have  but 
one  theca;  S,  galertculata,  the  common  Skullcap,  and  8.  minor,  the  Lesser 
Skullcap,  are  common.  In  the  genus  Prunella  each  filament  has  a  small 
tooth  below  the  anther :  P.  vulgaris  is  common. 

Tribe  9.  Ajugoidea,  Stamens  4,  didynamous,  ascending,  parallel ;  the  pos- 
terior two  are  the  shorter :  upper  lip  of  corolla  very  short. 

Ajuga  reptans,  the  Creeping  Bugle,  and  Teucrium  Scorodonia,  the  Wood 
Germander,  are  common. 

Order  2.  Verbenace*.  Flower  sometimes  regular :  stamens 
four,  didynamous,  or  two :  ovary  1  -  or  2-locular,  with  two  ovules 
in  each  loculas,  or  spuriously  2-  or  4-locular  in  consequence  of  the 
presence  of  false  dissepiments,  with  one  OTule  in  each  loculus : 
endosperm  small  or  absent:  the  fruit  separates  into  2-4  nutlets: 
style  terminal :  leaves  usually  opposite. 

Verbena  officinalis,  the  Vervain,  is  common  on  waste  ground  and  roadsides : 
V.  AubUtia  is  a  common  garden  plant.  Tectona  grandis,  the  Teak-tree  of  the 
East  Indies,  has  a  hard  wood  used  in  sbip-bnilding.  Vitex  Agnus  cactus,  the 
Chaste  or  Hemp-tree,  is  an  ornamental  cultivated  shrub. 

Order  3.  Globulariacej:.  Stamens  four,  didynamous :  ovary 
unilocular,  with  one  suspended  ovule  :  style  lateral :  seed  with  en- 
dosperm :  leaves  scattered :  inflorescence  capitulate. 

Globularia  vulgaris  and  cordi/olia,  with  radical  leaves,  occur  here  and  there  in 
dry  places  on  the  Continent. 

Cohort  II.  Personates.  Flowers  pentamerous,  usually  dorsi- 
ventral :    stamens   epipetalous :   the  posterior  stamen  is   usually 
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suppressed,  or  appears  as  a  staminode :  carpels  2,  median  :  ovnles 
nsuallj  indefinite. 

Order  1.  ScROPHULARiACEiE.  Ovary  bilocular,  with  numerous 
anatropous  ovules  borne  on  axile  placentae  :  seed  with  endosperm  : 
stamens  four,  didjdamous,  often  with  a  rudimentary  fifth  posterior 
stamen  (Fig.  445  B,  si)  ;  sometimes  only  the  two  lateral  stamens 
are  present ;  rarely  all  five  are  fertile :  corolla  with  imbricate 
(cochlear)  aestivation  :  general  floral  formula  as  in  Lamiales. 

Sub-order  1.  Pseudosolamejb.  Flower  nearly  regnlur:  the  two  posterior 
petals  are  external,  the  anterior  internal :  stamens  usually  6 :  leaves  scattered. 
The  genus  Celsia  has  only  4  stamens.  In  the  British  species  of  the  genus 
Verbascum,  F.  Thapsuty  the  great  Mullein,  has  imequal  stamens,  the  two 
anterior  being  longer  and  glabrous,  whilst  the  three  posterior  are  short  and 
their  filaments  have  whit^  hairs ;  the  stamens  are  similarly  unequal  in  V.  virga- 
turn  and  in  V.  Blattaria,  but  here  the  hairs  are  purple  and  tre  present  (though 
fewer)  on  the  filaments  of  the  long  stamens:  in  K.  LychnitiSt  nigrum^  and 
pulverulentum  tbe  stamens  are  all  similar,  the  hairs  being  purple  in  F.  nigrum 
and  white  in  the  two  other  species. 


Fig.  4U.— Floral  disgrams,  A  of  moet  Scrophulariacere  ;  B  of  Veronica;  Cof  the  Lenti- 
bnIariaoe» :  o  upper,  u  under  lip. 

Sub-order  2.  Antirrhoidba.  Flowers  irregular :  corolla  as  in  the  preceding, 
the  two  posterior  petals  forming  the  upper  lip  of  the  corolla :  stamens  4  :  leaves 
opposite.  Antirrhinum,  the  Snapdragon,  has  a  projection  on  the  lower  lip  of 
the  personate  corolla,  termed  the  palate ;  the  corolla  is  gibbous  at  the  base  ; 
stamens  4  i(Fig.  445  A  B):  A.  majus,  the  great  Snapdragon,  is  a  well-known 
garden  plant.  Linaria  has  a  spurred  personate  corolla  ;  stamens  4 :  L.  VMlgarU, 
the  yellow  Toad-Flax,  is  common  in  fields.  In  Gratiola  the  two  anterior 
stamens  are  represented  by  staminodes.  Paulownia  imperialis  is  an  ornamental 
flowering  tree  from  Japan.  Limosella  (L.  aquatica^  the  Mudwort)  has  a  sub- 
campanulate  corolla  with  a  short  tube.  Mimulus  (1/.  lutewt^  the  Yellow  Monkey- 
flower)  has  a  subcampanulate  corolla  with  a  two-lipped  limb ;  the  two  lobes  of 
the  stigma  close  together  on  being  touched.  Maurandia  and  Bhodochiton  are 
genera  of  plants  climbing  by  means  of  sensitive  petioles.  Many  species  of 
Mimulus  (Musk),  Calceolaria,  Chelone,  and  Pentstemon,  are  cultivated. 

Sub-order  3.  Bhinamtboidba.  Flower  irregular:  the  two  posterior  petals 
are  overlapped  by  the  lateral  petals :  stamens  4,  or  2.    Digitalis,  the  Foxglove, 
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has  an  obliqaely  oampanolate  (digitaliform)  corolla;  Btamens  4:  D,jpurpurea 
is  common  in  woods;  the  jellow  D.  grandijlora  is  cultivated.  Scrophnlaria 
has  a  globose  corolla;  S.  nodosa  (Figwort)  and  S.  aquatica  are  common. 
Veronica,  the  Speedwell,  has  only  the  2  postero-lateral  stamens,  and  the  two 
lobes  of  the  upper  lip  of  the  (rotate)  corolla  are  united ;  the  posterior  lobe  of 
the  calyx  is  suppressed  (Figs.  444  B,  445  C) :  V.  AnagallU  and  V,  Beecabunga 
are  common  in  ditches;  V.  aroenn*^  agrettis,  ierpyllifolia^  Chamadry$j  and 
others  in  pastures  and  fields.  Sibthorpia  has  a  sub-rotate  5-8-fid  corolla, 
and  four  stamens ;  S.  europcea  is  the  Cornish  Moneywort. 

Pedicularis,  the  Lousewort,  has  a  5-toothed  calyx,  and  the  upper  lip  of  the 
corolla  is  galeate  :  Euphrasia,  the  Eyebright,  has  a  4-toothed  calyx,  the  upper 
lip  of  the  corolla  has  two  spreading  or  reflexed  lobes :  Bartsia  has  a  4-toothed 
calyx,  upper  lip  of  the  ringent  corolla  entire  or  only  notched :  Bhinanthus,  the 


Fig.  446.— Flowers  of  Sorophulariacee.  A  Antirrhinam :  k  calyx ;  r  tube  of  the  personate 
corolla,  gibbons  at  the  base  (h);  o  apper,  u  under  lip  of  the  corolla;  g  prominence  palate) 
of  the  under  lip.  B  Upper  lip  of  the  same,  seen  from  within :  s  the  two  longer  anterior 
stamens ;  a'  the  short  lateral  ones ;  «t  rudimentary  posterior  one.  C  Flower  of  Yeronica : 
k  calyx ;  u  it  u  the  three  lobes  of  the  lower  lip  of  the  rotate  corolla :  o  the  npper  hp ;  «  s  the 
two  stamens ;  n  stigma. 

Battle,  has  a  four-toothed  inflated  calyx :  Melampymm,  the  Cow- Wheat,  has  a 
4-toothed  tubular  calyx,  and  the  capsule  is  few-seeded :  all  these  plants  possess 
chlorophyll,  but  they  are  more  or  less  parasitic  upon  the  roots  of  other  plants. 

Order  2.  PLANTAGiXACEiE.  Flowers  regular,  isobilateral,  and 
apparently  tetramerons,  bat  the  true  interpretation  of  them  is  de- 
duced from  those  of  Veronica  (Figs.  444  B  and  446)  :  the  posterior 
sepal  is  suppressed,  as  also  the  posterior  stamen ;  the  two  posterior 
petals  cohere  to  form  an  upper  lip  which  is  quite  similar  to  one  of 
the  lobes  of  the  three- lobed  lower  lip  (Fig.  445  C)  :  stamens  four, 
the  two  anterior  not  being  suppressed :  ovary  dimerous,  bilocular, 
or  sometimes  unilocular  or  spuriously  4-locuIar :  ovules  solitary 
and  basal,  or  numerous :  fruit  a  capsule  with  transverse  dehis- 
cence, or  a  nutlet :  seed  with  endosperm. 
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PlarUago  Utnceolata  (Ribwort),  major,  media,  the  Plantains,  are  weeds 
nniversally  distributed.  P.  Coronopus,  the  Buok's-hom  Plantain,  and  P.  mari- 
tima,  grow  in  dry  places  aiM  on  sandy  sea-shores.  The  leaves  form  a  rosette 
just  above  the  root,  and  the  long  scapes  spring  from  their  axils,  bearing  simple 
spikes  (Fig.  446  a,  d).  In  P.  Cynops,  PsyUium,  and  others,  the  main  stem  is 
elongated :  the  testa  of  the  seed  is  macilaginons.    In  LittoreUa  lactutru  the 

flowers  are  monoecioas;  froit  1- 
seeded,  indehiscent;  stamens  hy- 
pogynous :  it  grows  on  the  bottom 
in  shallow  waters. 

Order  3.  Bignoniace*. 
Stamens  generally  four,  di- 
djnamous :  ovary  bilocular 
or  anilocnlar:  seeds  nsually 
winged,  without  endosperm. 
Woody  plants  ;  frequently 
Fio.  4i«.— piovrer  of  Piantaifo :  a  axis  of  the      climbers,  by  means  of  twin- 

Dfloreecenoe  (scape);  4  bract;  k calyx;  coor-       j^^  stems,  or  leaf-teudrils,  Or 
olla;se  stamens;  n  stigma  (mafT.).    Inthedia-  /m 

gram,  0  is  the  apper,  and  ti  the  under  lip.  rootS  (TeCOma). 

Catalpa  bignanicidei  is  an  ornamental  tree  from  North  America:  Bignonia, 
Tecoma,  and  Eocremocarpns,  are  well  Jmown  ooltivated  climbers. 

Order  4.  Acanthacej:.  Stamens  four,  didynamous  (diagram 
as  in  Fig.  444  ^4):  ovary  .bilocular:  ovoles  few  on  projecting 
placentae  :  seed  without  endosperm.     Herbs. 

Acanthus  mollis  and  other  species  from  Southern  Europe,  are  ornamental 
plants  :  Thuobergia  and  Baellia  are  commonly  cultivated  :  Adhatoda,  Josticia, 
and  others  have  only  the  two  antero-lateral  stamens  (as  in  Fig.  444  C). 

Order  5.  Gesneracejb.  Stamens  usually  four,  didynamous,  or 
sometimes  two  only  :  ovary  unilocular,  with  n amorous  parietal 
ovules :  seed  with  or  without  endosperm.  Generally  herbs  with 
opposite  leaves. 

Colamnea,  Gloxinia,  Achimenes,  Sinningia,  Streptocarpas,  and  others,  are 
ornamental  plants  from  tropical  America :  Bamondia  inhabits  the  mountains 
of  Southern  Europe. 

Order  6.  Orobanchaceje.  Plants  which  are  destitute  of  chlo- 
rophyll, with  scaly  leaves,  parasitic  on  the  roots  of  other  plants : 
otherwise  similar  to  the  Gesneraoeaa. 

The  commoner  species  of  Broomrapes,  occurring  in  Britain,  are  Orohanche 
major  and  minor,  parasitic  on  Leguminosie,  elatior  on  the  Greater  Knap- 
weed, Hedera  on  Ivy,  ramosa  on  Hemp ;  mostly  of  a  brownish  or  whitish 
hue.    Lathraa  Squamaria,  the  Greater  Toothwort,  is  generally  parasitic  on 
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the  roots  of  the  Hazel :  it  is  of  a  pale  rose  colour  with  slightly  bluish  flowers  : 
the  subterranean  scaly  leaves  each  form  a  kind  of  pitcher  apparently  for  the  pur- 
pose of  catching  insects. 

Order  7.  Lentibulariace*.  Only  the  two  antero-lateral  stamens 
are  developed  (Fig.  444  G)  :  ovary  unilocular :  ovules  numerous  on 
a  free  central  placenta  :  seed  without  endosperm. 

The  numerous  species  of  Utrieularia  are  floating  water-plants  with  finely 
divided  leaves  bearing  bladdez^like  appendages  (modified  leaflets)  which  serve  to 
catch  small  aquatic  animals  (Fig.  447).  PingiUeula  vulgaris  and  alpitia  (Butter- 
worts)  are  small  pUnts  growing  in  damp  places,  with  rosettes  of  radical  leaves 
which  catch  insects  by  their  viscid  secretion. 

Cohort  III.  Polemoniales.  Flowers  generally  regular,  but 
zygomorphic  in  consequence  of  oligomery  in  the  gyneecenm ;  pen- 
tamerous :  stamens  epipetalous  :  ovary  of  two,  rarely  five,  carpels : 
leaves  usually  scattered  and 
exstipulate :  the  inflorescence  is 
often  cymose,  with  a  terminal 
flower :  formula  JT  (5)  (0(5)  ^5) 
&^-  to  (?). 

Oinier  1.     CONVOLVULACE^. 

UsnalJy  two  median  carpels 
forming  a  bilocular  ovary,  with 
1-2  anatropous  ovules  in  each        ^'^-  **''--  B^^dderg  of  utncuiaria.    a 

,         ,  .,  n      1  II  Outside  view  :*  pedicel ;  0  ontranc« ;  t  and 

lOCUlus  :  the  corolla  has  usually  i,  bristly  appeadages.  B  Section :  v  a  valve 
a   contorted   eastivation,  twisted       opening  inwards  and  preventing  the  exit  of 

to  the  right :  fruit  a  septif i-agal      ""  '»?'*««'•<•  '^'^  <"««•)• 
capsule,  or  a  berry  :    seed  with   endosperm.      Commonly  plants 
climbing  by  twining  stems  :  with  milky  latex. 

Convolvulus  arvensU,  the  lesser  Bindweed  (Fig.  829  A),  and  Calysteffia 
Septum^  the  larger  Bindweed,  the  former  with  two  small  bracteoles,  the  latter 
with  two  large  bracteoles  which  invest  the  calyx,  and  C.  Soldanella,  the  Sea- 
Bindweed,  are  common  wild  plants.  Batatas  edulis  is  cnltivated  in  tropical 
America  for  its  edible  tuberous  rhizome,  the  Sweet  Potato. 

The  genus  Cuscuta  consists  of  parasites  destitute  of  chlorophyll,  with  filiform 
twining  stems,  which  attach  themselves  to  other  plants  by  means  of  haustoria 
(see  p.  66),  and  derive  their  nourishment  from  them :  the  small  flowers  are 
arranged  in  fascicles  (Pig.  448  b) :  the  corolla  has  imbricate  sBstivation :  fruit  a 
capsule  with  transverse  dehiscence. 

Cuscuta  europaa,  the  greater  Dodder,  which  occurs  commonly  on  Nettles  and 
Hops,  is  widely  distributed :  C.  Epilinum  is  the  Flax  Dodder,  and  C.  Epithymum, 
the  lesser  Dodder,  occurs  on  various  low-growing  plants ;  C.  Trifolii  attacks 
Clover,  which  it  often  destroys. 
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Order  2.  Polemoniaceje.  Ovary  usually  trimerous  and  trilo- 
cular,  with  one  erect  or  several  oblique  ovules  in  each  loculus  : 
capsule  loculicidal :  seed  with  endosperm.     Mostly  herbs. 

Polemonium  camleum  is  Jacob's  Ladder ;  various  species  of  Phlox  and  Gilia 
are  common  garden  plants.  Cobsa  is  a  genas  of  plants  climbing  by  means 
of  leaf-tendrils. 

Order  3.  Solan  ace  j:.  Ovary  usually  consists  of  two  obliquely 
placed  cai*pels  (Fig.  324  /)),  bilocular,  with  numerous  ovules  in 
each  loculus ;  the  axile  placentse  sometimes  project  so  far  into  the 
loculi  that  the  ovary  appears  to  be  quadrilocular,  as  in  Datura : 
ovules  campylotropous ;  fruit  a  capsule  with  vanous  dehiscence,  or 
a  berry :  seed  with  endosperm.  Herbs,  occasionally  woody  plants, 
sometimes  climbers  by  irritable  petioles  (e.g.  species  of  Solannm) ; 
without  milky  latex.     Inflorescence  cymose,  but  complicated  by 


Fio.  448.  —  stem  of 
CxiMxda  *uro'pcBa{*\  with 
inflorescence  (b)  twining 
roand  a  stem  of  Hop  (x). 


Fig.  449.—^  Upper  portion  of  a  flowering  stem  of  iltropa 
Belladonna,  B  Diagram  of  the  same  stem  :  1  2  3  the 
flowers;  a  and  ^  the  bracteoles  and  bracts.  From  the 
axils  of  ^  spring  the  new  floral  axes,  along  which  the  bract 
0  is  displaced. 


the  displacement  of  the  bracts:  Fig.  449  B,  for  instance,  is  a 
diagram  of  the  inflorescence  of  Atropa ;  the  main  axis  which  ter- 
minates with  the  flower  I,  bears  a  bracteole  la  and  a  lateral  shoot 
terminating  in  the  flower  2 ;  this  springs  from  the  axil  of  a  bract 
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1)8,  which,  however,  is  not  inserted  at  the  base  of  its  axillary  shoot 
(the  point  of  the  arrow  indicates  its  proper  position),  but  is  dis- 
placed upwards  nntil  it  is  close  under  the  bracteole  2a ;  this 
displacement  is  repeated  throughout  the  whole  system  of  the  cyme, 
so  that  in  Atropa  there  are  always  two  leaves  below  each  flower,  a 
larger  one  (Fig.  449  A  la,  2a,  and  so  on)  which  is  the  bracteole  of 
the  flower,  and  a  smaller  one  (Fig.  449  A  0)9,  1)8,  2)8,  etc.,)  which 
is  the  bract  from  the  axil  of  which  the  flowering-shoot  springs.  In 
other  of  the  Solanese  similar  arrangements  are  found.  Most  plants 
of  this  order  are  poisonous. 

Tribe  1.  Sulnnea.  Frait  a  berrj  :  embrjo  curved.  In  the  genus  Solanum 
the  anthers  are  syngenesious  :  <Sf.  Dulcamara,  the  Bittersweet  or  Woody  Night- 
shade, has  a  blue  flower,  and  S.  rUgrum  has  a  white  flower ;  both  are  common : 
S.  tuberosum  is  the  Potato- plant.  Phy^alu  Alkekengi,  the  Winter  Cherry,  has 
an  inflated  red  calyx  which  encloses  the  bt-rry.  Lycoper»icum  esculentuni  is 
the  Tomato.  The  fruits  of  Capsicum  lonyum  and  annuum  are  known  as  Chili 
Peppers.  Atropa  Belladonna  is  the  Deadly  Nightshade;  the  anthers  are  not 
syngenesious,  and  the  corolla  is  oampanulate ;  the  berries  are  black  and  very 
poisonous.  Lycium  barbarum  is  a  shrub  belonging  to  Southern  Europe 
which  has  become  wild  in  places  in  the  North.  Hyoscyamui  niger  is  the 
common  Henbane  :  the  capsule  dehisces  transversely  (pyxidium). 

Tribe  2.  Daturece.  Capsule  almost  quadrilocular  in  consequence  of  the 
outgrowth  of  the  placenta,  4-valved  :  embryo  curved.  Datura  Stramonium  is 
the  Thorn-apple. 

Tribe  3.  Cestrea.  Embryo  straight :  all  five  stamens  fertile.  Nicotiana 
Talacum  is  the  Tobacco  plant  (Fig.  329  B) :  Petunia  is  commonly  cultivated 
(Fig.  324  D) :  Cestrum  is  a  well-known  genas  of  greenhouse  shrubs. 

Tribe  4.  Salpiglos$idea,  Embryo  straight :  stamens  unequal,  only  2  or  4 
fertile.  The  tribe  includes  many  cultivated  herbaceous  or  shrubby  plants,  such 
as  Salpiglossis,  Sohizanthus,  Browallia,  Streptosolen. 

Order  4.  Boraginacea\  Ovary  consisting  of  two  median  carpels, 
spuriously  quadrilocular  in  consequence  of  a  constriction  along 
the  dorsal  suture  of  each  carpel  (Fig.  450  (7,  r)  :  the  single  style 
usually  arises  from  the  incurved  apices  of  the  carpels  (gynobasic), 
and  is  surrounded  at  its  base  by  the  four  loculi  (Fig.  450  B) :  each 
loculus  contains  a  single  suspended  anatropous  ovule :  when  the 
fruit  is  ripe  the  loculi  separate  completely,  and  appear  to  be  four 
nutlets :  seed  without  endosperm  :  the  corolla  usually  has  hve  scaly 
ligular  appendages  at  the  junction  of  the  limb  with  the  tube  (Fig. 
450  A  b) :  inflorescence  scorpioid  (see  p.  492),  often  very  compli- 
cated. Herbs  or  shrubs  generally  covered  with  harsh  hairs  and 
only  rarely  glabrous,  e.g.  Myosotis  palustris. 
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Sab-order  1.    Ebbetoxdeje.    Style  at  the  apex  of  the  ovary. 

Helwtropium  peruiAanum^  is  a  well-known  garden  plant  with  fragrant  flowers. 

Sab-order  2.  BoBAOiNoinsiE.  Style  inserted  between  the  four  lobes  of  the 
ovary  (gynobasic). 

Myosotis  is  the  Scorpion-grass ;  M,  paltutrU,  the  Forget-me-not,  oeears  in 
damp  places,  Af.  sylvatica  in  woods,  and  i/.  aroeruU  and  others  in  fields. 
Lith(upermum  arven$e  (Gromwell),  L.  officinale^  Echium  vulgare  (Viper's  Bu- 
gloss),  with  an  irregular  flower,  Symphytum  officinale^  the  Comfrey,  Lye<fpM 
arventis  (Common  Bogloss),  Cynoglossum  officinale  (Hoand*8-tongae),  and  Borago 
officinalii^  the  Borage,  are  common.  Anchusa  officifuUitt  the  Alkanet ;  Mertenna 
mariUma^  the  smooth  Gromwell  or  Sea-Bagloss ;  and  Pulmonaria  angu$tifolia, 
the  Lang-wort,  are  rare  in  Britain. 


Pio.  460.— j4  Flower  of  Anchusa  (slightly  roag.): 
k  calyx  ;  c  corolla ;  b  the  scaly  appendages.  JB 
Fniit  of  Myosotis  (mag.) ;  t  the  receptacle ;  m  m 
the  fonr  acbtenia  ;  g  the  gynobasic  style.  C  Dia- 
fn*ain  of  the  quadrilocalar  ovary  in  trans,  section : 
r  the  dorsal  satnres;  ppthe  placentie;  i  the  ovules. 


Fie.  451.  —  Corolla  of  Bry- 
thraa  Cmtatinuin  spread  out : 
r  tube ; « limb ;  a  stamens. 


Cohort  rV.  Gentianales.  Flowers  regular,  zygoraorphic  in 
consequence  of  oligomery  in  the  gynceceum  (see  Fig.  324) :  perianth 
and  andrcecium  usually  4-  or  5-merous  :  corolla  with  frequently 
contorted  ssstivation  (to  the  right)  :  stamens  inserted  on  the  tube 
of  the  corolla  :  carpels  two :  leaves  commonly  decussate  and  exsti- 
pulate :  formula  K  (5)  (C  (b)  A  5)  G'^. 

Order  1.  Gentianace^b.  Carpels  perfectly  connate,  forming  a 
uni-  or  incompletely  bi-locular  ovary :  ovules  parietal,  numerous, 
anatropous  :  seed  with  endosperm.  Usually  herbs  without  milky 
latex  :  leaves  almost  always  entire. 

Sab-order  1.  Gentianba.  Leaves  decussate  :  ooroUa  with  contorted  lesti- 
vation. 

Gentiana  (Fig.  324  E),  the  Gentian,  has  a  bilobed  stigma;  it  occurs  in 
mountainoas  districts.    Erythreea  has  a  capitate  stigma ;  E,  Centauriumt  the 
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common  Centaury,  is  common  in  paslnres  (Fig.  451).  Species  of  Cioendia  and 
Chlora  also  occur  in  Britain. 

Sub-order  2.    MENTAMTHBiE.    Leaves  spiral :  corolla  with  valvate  sBstivation. 

Metiyanthes  trifoliata^  the  Buck-bean  or  Bog-bean,  with  temate  leaves,  is 
common  in  marshes  (Fig.  824  F) :  Villartia  nymphaoides  (or  Limnanthemum 
peltatwn)  is  found  in  ponds  and  rivers. 

Order  2.  LoGANiACEiE.  Corolla  with  nsaally  valvate  sestivation : 
ovary  nsaally  bilocalar,  each  localus  containing  one  or  several 
ovules :  seed  with  endosperm  (Fig.  295  A).  Mostly  trees  with 
opposite  and  usoally  exstipulate  leaves ;  some  are  elimbera  with 
either  twining  stems  (e.g.  Fagraea,  Gelsemium),  or  stem-tendrils 
-(species  of  Strychnos). 

Setnen  Strychni,  or  Nux  vomica,  the  seed  of  Strychnos  Nux  vomica^  in  the  East 
Indies,  is  extremely  poisonous.  The  South  American  Indians  poison  their 
arrows  with  a  substance  known  as  Curare,  in  the  preparation  of  which  the 
cortex  of  species  of  Strychnos  is  used. 

Order  3.  ApocYNACEiE.  Corolla  with  contorted  aestivation.  The 
two  carpels  are  nsnally  connate  only  by  their  styles,  which  become 
free  as  they  ripen. :  seed  nsnally  devoid  of  endosperm.  Herbs  or 
shrubs,  sometimes  climbers,  with  milky  latex. 

Viftca  minor  (see  Fig.  824  A)  and  other  species,  the  Periwinkles,  are  common 
creeping  plants,  wild  and  in  gardens.  Nerium  Oleander,  an  ornamental  shrub, 
and  species  of  other  genera  (e,g,  Allamabda,  Landolphia,  Amsonia,  Dipladenia) 
are  often  cultivated :  Allamanda  -and  Dipladenia  include  scrambling  species, 
cUmbing  by  means  of  hooks:  Allamanda  has  a  unilocular  ovary  with  two 
parietal  plaoentse. 

Order  4.  AscLBPiADACEiK. 
Corolla  with  usually  imbri- 
cate aestivation.  The  two 
carpels  usually  form  two  dis- 
tinct monomerous  ovaries : 
styles  short,  united  into  one 
stigma:  stamens  connate, 
forming  a  tube  surrounding 
the  gyneeceum,  having  pouch- 
shaped  (Fig.  452  A  i?,  0  and 
spur-shaped  (Fig.  452  A  B,  h) 
appendages  :  anthers  2-4 
locular;  the  pollen  of  each 
sac  forms  a  mass  (poUinium,  see  p.  434),  and  the  masses  of  each 
pair  of  contiguous  sacs  adhere  (Fig.  452  C,  p,  p)  and  are  conveyed 


Fio.  462.— i4  Flower  of  Asclepiaa  (niHg.):  c 
the  reflezed  corolla;  n  stigma;  h  the  spars,  t 
the  poaches,  of  the  stamens.  B  A  solitary  sta- 
men;  a  the  anther.    C  Pollen 'masses,  p  and  p. 
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by  insects  to  the  stigmata:  ovules  numerous,  attached  to  the 
ventral  suture :  seed  usually  without  endosperm.  Generally  woody 
plants,  often  climbers,  with  milky  latex. 

Asclepias  syriara  and  other  speoi'^s  are  grown  in  gardens.  Stapelia  has  a 
flesby  cactus-like  stem.  Hoya  camota,  the  War  flower,  Periploca  grteca 
and   Ceropegia  Gardneri,  are  cultivated  climbing  plants  with  twining  stems. 

Order  5.  Olkack^.  Calyx  and  corolla  usually  4-merou8,  soiiie-> 
times  wanting ;  stamens  and  carpels  two,  alternate :  ovary  bilo- 
cular  :  ovules  2  in  each  loculus:  fruit  a  capsule,  a  berry,  a  drape, 
or  a  samara :  seeds  1-4,  usually  with  endosperm  :  stem  woody : 
leaves  always  decussate. 

Sab-order  1.    Olbinbje.    Fruit  a  berry  or  a  drupe :  seed  suspended. 


Fig.  4S9.—A  Flower  of  Fioxinut  Ornut  (enlarged):  Ic  calyx;  e  corolla;  »t  Btamens ; 
/  ovary ;  n  stifnnA.  B  Q  'flower  of  Fr<uefnut  ext'tlnor,  the  common  A«h ;  an  anthers ; 
/ovary;  n  stigma  (enlarged).    Floral  diagram  of  the  Oleacee. 

Ligustrum  has  a  baccate  fruit ;  L.  vulgare,  the  Privet,  is  a  common  shrub. 
Olea  has  a  drupaceous  fruit ;  O.  turoptea  is  the  Olive-tree  of  the  East  and  of 
Southern  Europe.  Phillyrea,  Osmanthus,  and  Ghionanthus,  are  cultivated  as 
ornamental  shrubs. 

Sub-order  2.    Fr4xinea.    Fruit  a  samara :  seed  suspended. 

Tbe  genus  Frazinus  has  a  winged  fruit ;  in  F.  excelsior^  the  common  Ash,  the 
perianth  is  suppressed  and  the  flowers  are  polygamous ;  in  F,  Omus,  the  Manna- 
Ash  of  Southern  Europ?,  the  perianth  is  complete,  aud  the  corolla  is  deeply 
cleft  (Fig.  453^). 

Sub-order  3.  Strinoba.  Fruit  a  loculicidal  capsule :  seed  suspended.  The 
genus  Syringa  has  a  tubular  corolla  with  a  4-lobed  limb  ;  S,  vulgarU  is  the  Lilac  : 
Forsythia  is  a  well-known  shrub,  having  numerous  seeds. 

Sub-order  4.  Jasmines.  Fruit  a  constricted  capsule  or  berry :  ovules 
ascending:  seeds  exalbuminous  :  calyx  and  corolla  often  5-10-merous  (see 
Fig.  320). 
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The  flowers  of  Ja$minum  grandifloruni  and  other  species .  belonging  to 
Soathem  Europe,  contain  a  very  fragrant  ethereal  oil. 

Cohort  V.  Ebenales.  Flowers  actinomorphic,  4-8-merous ; 
formula  often  K{Ai)  C(4)  J4  +  4,  Q^*\  the  outer  (antisepalous) 
stamens  being  sometimes  suppressed :  stamens  epipetalous :  carpels 
opposite  to  the  sepals :  ovary  multilocular,  with  one  or  two  sus- 
pended ovnles  in  each  loculus :  fruit  usually  fleshy :  seed  usually 
with  endosperni. 

Order  1.     Sapotaceje.     Tropical  trees  with  latex  in  sacs. 

The  latex  of  species  of  X^alaqnium,  Isonandra,  Mimasops,  etc.,  constitates 
gatta-peroha. 

Order  2.     Ebenacej:.     Trees ;  flowers  generally  diclinous. 

DiospyroB  Rbenum  in  the  East  Indies,  and  other  species  in  different  parts  of 
the  world,  yield  the  wood  known  as  Ebony :  2).  Kaki,  the  Persimmon,  has  an 
edible  frnit. 

Order  3.     Sttracej:.    Flowers  perigynons  or  epigynous :  trees. 

Gam  Benzoin  is  the  resin  of  Styrax  Benzoin  in  the  East  Indies:  Hale$ia 
Utraptera  the  Snowdrop- tree,  is  a  shmb  frequently  ealtivated. 

Cohort  VI.  Primulales.  Flowers  actinomorphic,  usually  pen- 
tamerous :  formula  K(6)  (0(5)  AO  +  5)  6?'^ :  stamens  inserted  on 
the  tube  of  the  corolla  and  opposite  to  its  lobes :  gyneeceum  con- 
sisting of  five  connate  carpels  which  are  opposite  to  the  sepals ; 
ovary  unilocular,  with  a  free  central  placenta  or  a  single  central 
ovule :  seed  with  endosperm. 

Order  1.  Primclace*,  Style  single :  ovules  indefinite,  on  a  free 
central  placenta  (Fig.  338  0)  :  the  corolla  is  gamopetalous,  tubular 
below,  expanding  above  into  a  5-lobed  limb ;  it  is  suppressed  in  the 
genus  Grlaux :  the  stamens  (Fig.  454  a)  are  generally  adnate  to  the 
tube  of  the  corolla  and  are  opposite  to  its  lobes  ;  this  position  of 
the  stamens  is  explained  by  assuming  the  suppression  of  an  outer 
antisepalous  whorl  of  stamens  which  is  represented  in  some  genera 
{e.g.  Soldanella)  and  in  the  following  order  by  petaloid  staminodes, 
an  assumption  which  is  confirmed  by  the  analogy  of  those  Ebenales 
in  which  the  outer  whorl  of  stamens  is  suppressed :  fruit  a  capsule. 
Herbaceous  plants  with  conspicuous  flowers. 

The  genus  Primula  has  a  5-yalved  dehiscent  capsule,  and  a  5-cleft  calyx. 
Primula  vtUgarit  is  the  Primrose  ;  Primula  elatior  and  P.  veris  are  the  Oxlip 
and  the  Cowslip  or  Paigle ;  they  are  remarkable  in  that  they  are  heterostyled 
(see  p.  455).  The  capsule  of  Anagallis  arvensis,  the  Pimpernel,  dehisces 
transversely  (pyxidium).  Cyclamen  europaum^  the  Sow-bread,  has  an  nnder- 
ground  tuber;  the  lobes  of  the  corolla  are  reflexed.    Lysimachia,  the  yellow 
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Loosestrife,  has  a  deeply  5-cleft  oaljx.  Trientalis,  the  Chickweed  Winter- 
green,  has  usaally  a  7-merous  flower.  The  other  British  genera  are  Hottonia 
{H.  paluttTi»t  the  Water- violet),  Samolus  (S.  Valerandi,  the  Brookweed),  and 
Glaux  (G.  maritimaj  the  Sea  Milk-wort). 


Fig.  464.— Dimorphic  flovrera  of  Primula  elatior  in  longitudinal  section.  A  Short-styled, 
B  long-styled  form;  k  calyx;  c  corolla;  a  anthers ;  /  ovary;  y  style;  n  stigma.  Floral 
diagram  of  Primula. 

Order  2.  Myrsinacbj:.  These  plants  differ  from  the  preceding 
in  that  the  frnit  is  baccate  and  the  stem  woody  :  a  whorl  of  8ta- 
minodes  alternating  with  the  petals  is  present  in  some  genera  Ce.g. 
Theophrasta). 

Ardisia,  with  red  berries,  is  a  well-known  ornamental  plant. 

Order  3.  Plumbaginace^.  Styles  five  :  there  is  a  single  basal 
ovule  in  the  cavity  of  the  ovary,  pendalons  on  a  long  funicle : 
flowers  often  small,  in  dense  inflorescences  with  numerous  bracts  : 
no  trace  of  an  external  antisepalous  whorl  of  stamens. 

In  the  genus  Armeria  the  flowers  are  in  capitala  of  soorpioid  cymes,  which  are 
surrounded  by  an  involucre  formed  of  the  lower  scarious  bracts  with  downward 
prolongations  embracing  the  peduncle  ;  A.  maritima^  the  Thrift,  occurs  on  sandy 
soils.  Statice  Limonium,  the  Sea-Lavender,  with  racemose  cymes,  occurs  on 
sandy  sea-shores.  Plumbago  occurs  in  Southern  Europe  and  in  the  East 
Indies. 

Cohort  VII.  Ericales.  Flowers  4-5-mei'Ous,  actinomorphic  : 
stamens  usually  in  two  whorls  and  then  obdiplostemonous,  usually 
hypogynous :  carpels  opposite  to  the  petals :  formula  K{n),  C(n), 
I  ^n  +  n,  G(b.),  where  n  =  4  or  5:  ovary  superior  or  inferior, 
multilocular,  with  large  recurved  axile  placentas  :  seed  with  en- 
dosperm :  anthers  sometimes  appendiculate  (Fig.  332  B), 
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Order  1.  ERiCACEifi.  Anthera  generally  opening  by  two  pores  at 
the  top  (Fig.  455  A),  often  fumislied  with  appendages  :  pollen 
in  tetrads  :  fruit  a  capsule,  or  succulent :  a  well-developed  disc. 

Sab-order  1.  Bhododendroidbjs.  Fruit  a  septioidal  capsule  ;  corolla  fuga-. 
cious  :  anthers  without  appendages. 

Rhododendron  fernigineun  and  hirtrutunt,  the  Alpino  Boses,  are  wild  on  the 
continent :  other  species  of  Rhododendron  (iucl.  Azalea),  from  the  mountains 
of  Asia  and  North  America,  as  also  species  of  Ealmia  from  North  America,  are 
cultivated.  Daboecia  polifolia^  the  Irish  Menziesia  or  St.  Dabeoc  s  Heath, 
Phyllodoce  taxifoliu,  the  Scottish  Menziesia,  and  Loiseleiiria  procnmheni^  the 
trailing  Azalea,  represent  the  sub-order  in  the  British  Flora. 

Sub-order  2.  Abbutoidea.  Fruit  a  berry,  or  a  drupe,  or  a  loculicidal  cap- 
sule :  corolla  fugacious  :  anthers  usually  appendiculate. 

Andromeda  Polifolia,  the  Marsh  Andromeda  or  Wild  Bosemary,  occurs  in 
peat- bogs,  and  Arctostaphylos  Vva  Uni   and  alpinOy  the  red  and  the  black 


Fig.  465.—^  Flower  of  Erica :  <  pedicel ;  fc  calyx  ;  o  corolla ;  a  anthers.  B  Frait  of 
Pyrola  rotundifolia :  a  pedicel ;  Ic  calyx ;  /frait,  the  loculi  of  which  alternate  with  the  sepals ; 
g  style  ;  n  stigma.  C  Flower  of  Vaccinium  Myrtilln» :  /ovary  (inferior);  fc  caljx ;  c  corolla. 
Floral  diagram  of  Erica :  the  stamens  opposite  to  the  petals  are  faintly  shaded. 

Bearberry,  on  the  mountains  of  Scotland.  Arbutus  Unedo  is  the  Strawberry 
tree  of  Southern  Europe,  and  Gaultheria  is  the  Aromatic  Winter-green. 

Sub-order  3.  Ebicoidkje.  Fruit  usually  a  loculicidal  capsule  :  corolla  per- 
sistent :  anthers  usually  appendiculate. 

Calluna  Erica,  the  Ling  or  Heather,  with  a  septicidal  capsule  and  a  deeply 
4 -partite  coloured  calyx,  is  common  on  moors:  the  principal  British  species 
of  Erica,  are  E,  mediterranea  (or  camea),  the  Irish  Heath ;  E.  Tetralix,  the 
cross-leaved  Heath  ;  E.  cinerea,  the  grey  or  fine-leaved  Heath  ;  and  E.  vagans^ 
the  Cornish  Heath.  Very  many  species  belong  to  the  Mediterranean  region, 
and  to  the  Cape. 

Order  2.     Epacridacbj:.  The  whorl  of    stamens  opposite  the 

petals  is  nsually  wanting  :  the  anthers  open  by  one  fissure  only. 
Australian  plants. 

V.  s.  B.  u  u 
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Order  3.  Diapensiacej:.  Stamens  five,  inserted  in  the  throat  of 
the  corolla :  a  whorl  of  antipetaloas  staminodes  sometimes  present : 
anthers  opening  by  oblique  longitudinal  slits :  ovary  trilocnlar. 
Low-growing  evergreen  shrabs. 

Diapensia  lapponica  is  a  creeping  shmb  of  the  far  North :  Shortia  and 
Galax  grow  on  the  mountains  of  North  America. 

Order  4.  Ptrolace-s;.  Sepals  more  or  less  distinct :  petals  com- 
monly connate  at  the  base  only  :  anthers  without  appendages, 
dehiscing  genei'ally  transversely  or  by  pores  :  fruit  a  loculicidal 
capsule  :  seed  minute,  with  an  extremely  small  embryo  consisting 
of  only  a  few  cells,  and  a  relatively  massive  integument.  Sapro- 
phytes containing  chlorophyll. 

Pyrola  rotundifolia,  secunda,  minora  and  unijlorat  the  Winter-greens,  are 
found  in  woods. 

The  MonotropeaB  are  saprophytes  devoid  of  chlorophyll,  with  scale-like 
leaver.  Monotropa  Hypopitys  (Hypopityt  mulUJiora)^  the  Bird's  nest,  is  not 
very  common  in  England. 

Closely  allied  with  the  Pyrolaceae  is  the  order  Lenkoaceje,  consisting  of  a 
few  root-parasites  destitute  of  chlorophyll. 

Order  5.  Vacciniace*.  Ovary  inferior  (Fig.  455  G) :  anthers 
with  appendages  (Fig.  332  B),  usually  opening  by  two  pores  : 
fruit  a  berry. 

Vaccinium  Vitin-Idaa  is  the  red  Whortleberry  or  Cowberry ;  it  usually 
blossoms  and  bears  frait  twice  in  the  year :  V.  MyrtUliis  is  the  Bilberry, 
Blaeberry,  or  Whortleberry,  with  deciduous  leaves:  V,  Oxyeoceot  {Oxycoecot 
palustrUt  or  Schollera  Oxycoccos)  is  the  Cranberry:  and  V.  tUiginosum^  the 
great  Bilberry  or  Bog- Whortleberry.  They  are  all  low  shrubs  occurring  on 
moors. 

SERIES  U.     EPIGYN^. 
Ovary  inferior. 

Cohort  I.  Campanales.  Flowers  actinomorphic  or  zygo- 
morphic,  pentamerous  ;  formula  X(5)  0(5)  -4(5)  0^Y)  to  jj, :  sepals 
leafy  and  narrow  :  stamens  usually  free  from  the  corolla,  but 
often  connate :  ovary  multilocular,  of  two  to  five  carpels,  inferior. 

Order  1.  Campanulace^.  Flowers  regular,  frequently  zygo- 
morphic  in  consequence  of  oligomery  in  the  gynasceum ;  sometimes 
actinomorphic  (Fig.  312):  stamens  five,  often  connate  at  the  base  : 
ovary  usually  trilocnlar,  with  numerous  ovules ;  placenta tion 
axile  '.  fruit  a  capsule  :  seed  with  endosperm.  Mostly  herbs  with 
milky  latex. 
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The  gynsBceum  is  often  oligomeroas,  and  then  osaallj  trimerous  {e.g. 
most  species  of  Campannla  and  Phyteuma),  sometimes  bilocular  (Jasione, 
species  of  Phyteuma) :  when  isomerons,  the  carpels  are  either  antisepalous 
and  therefore  opposite  to  the  stamens  {e.g.  a  few  species  of  Campannla,  Fig. 
8 12,  Michanxia,  Wablenbergia),  or  antipetalous  and  therefore  alternate  with 
the  stamens  (e.g.  Mussohia,  Platycodon). 


Fie.  466.— Andrceciam  and  gynsBceiim  of 
Gampanola:  /  inferior  ovary ;  e  insertion 
of  the  corolla;  a  anthers ;  b  expanded  base 
of  the  stamens ;  n  stigmata  (mag.). 


Fio.  467.—^  Floral  diagram  of  a  spe- 
cies of  Campannla  with  a  trimerous 
ovary  (g.g.  C.  p0r$icifolia) :  a  gynscenm 
of  Lobelia. 


Campanula  rotundifolia^  the  Hare-bell,  glomerata,  and  other  species  are  com- 
mon in  fields,  on  heaths,  etc.,  etc.  :  C.  Medium  is  the  Ganterbnry-bell  cultiTated 
in  gardens.  Phyteuma  orhiculare  and  tpicatumt  the  Rampions,  are  indigenous 
in  parts  of  England  ;  the  flowers  are  in  capitnla,  and  the  calyx  is  deeply  5  cleft 
with  spreading  teeth :  nearly  allied  is  the  genns  Jasione ;  J.  montana^  the 
8heep*8-bit,  is  common  in  England.  Specularia  has  a  rotate  corolla;  S, 
Speculum,  Yenus's  Looking-glass,  is  onltiTated. 

Order  2.  Lobeliace^.  Flowers  dorsi ventral,  resupinate  (Fig. 
458;  see  p.  511):  the  corolla  commonly  forms  a  tube  which  is 
more  or  less  cleft  on  one  side,  and 
the  limb  is  divided  into  two  lips, 
the  lower  one  consisting  of  three 
lobes  (Fig.  458  J,  m),  and  the  upper 
of  two  smaller  ones  {A,  o) :  at  their 
first  formation  the  position  of  these 
parts  is  exactly  the  reverse,  but 
in  the  course  of  development  the 
pedicel  undergoes  torsion,  so  that 
those  parts  which  are  originally  td 
posterior  become  anterior,  and  vice 
versa  :  anthers  syngenesious  (Fig. 
458  B,  sr)  and  nnequal  in  con- 
sequence of  the  dorsiventrality  of 
the  flower :  ovary  1-,  2-,  or  3-locu- 


m 


Fio.  468.  — il  Flower  of  Lobelia:  / 
ovary ;  Ic  calyx ;  o  npper,  u  ander  lip  of 
the  corolla ;  <  siamens.  B  Andrceciam 
and  gyneeceum  of  the  same  :  sr  tabe 
formed  by  the  stamens;  an  anthers 
(mag.). 
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lar,  with  numerons  anatropous  ovules  :  fruit  a  capsule :  seed  with 
endosperm.     Herbs  or  shrubs  usnally  with  milkj  latex. 

L,  Dortmanni,  the  Water  Lobelia,  and  L,  vrens,  the  acrid  Lobelia,  occur  in 
Bome  parts  of  England. 

Cohort  II.  Rubiales.  Flowers  generally  regular,  actinomor- 
phic  or  zygomorphic :  calyx  generally  present:  stamens  epi- 
petalous  :  gynosceum  2-5-merous  :  ovary  uni-  or  multi-locular : 
ovules  2— 00 :  leaves  generally  opposite. 

Order  1.  Rlbiacej:.  Flowers  regular,  4-  or  5-merous:  calyx 
leafy  or  suppressed :  corolla  with  valvate  aestivation  :  ovary 
1-  or  2.1ocular,  consisting  of  2  carpels,  1-  or  many-seeded :  seed 

usually  containing 
endosperm :  leaves 
decussate,  stipu- 
late :  stipnles  (see 
p.  48)  often  similar 
to  the  true  leaves 
(Fig.  459  A,nn): 
the  true  leaves  are 
distiuguished  by 
the  branches  which 
arise  in  their  axils 
(Fig.  459^,//,  5  5). 

Sub-order  1.  Stkl- 
LATJB.  Stipules  large 
and  leafy:  loculi  1- 
seeded. 

Galium,  Bedstraw, 
has  a  rotate  4-lobed 
corolla  and  an  incon- 
spicuous calyx,  usually 
tetramerous:  G.veruw, 
MoUugo,  Aparine,  and 
others  are  common  in 
hedges  and  pastures. 
Asperula  has  an  infundibuliform  corolla,  but  in  other  respects  the  flower 
resembles  that  of  Galium ;  A,  odorata^  the  Wood- ruff,  is  common  :  A.  cynanchica 
is  the  Squinanoy-wort.  Buhia  Tinctorum^  the  Dyer's  Madder,  has  a  pentamerous 
flower,  a  rotate  5-lobed  corolla,  and  a  baccate  fruit ;  it  is  used  in  dyeing  and 
largely  cultivated;  it  is  indigenous  in  Southern  Europe  and  the  East;  it  is 
closely  allied  to  the  British  species  B,  peregrina,  the  Wild  Madder.  Sherardia 
has  a  tubular  4-lobed  corolla,  and  a  conspicuous  calyx  with  a  4-6  toothed 


Fio.  AGd,—A  Portion  of  a  Btem  of  Rvinn  Tinetorum :  ff  the 
decussate  leaves  with  the  yuaug  shoots  (<  <)  in  their  axils ; 
n  n  the  free  stipules  resembling  the  leaves  (nat  size).  B 
Flower  (ma(ir):  / ovary ;  fc calyx  (rudimentary) ;  c corolla;  a 
anthers ;  n  stigma. 
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limb  which  persists  on  the  top  of  the  fruit ;  S.  arvensit,  the  Field  Madder,  is 
found  in  cultivated  and  waste  places. 

Sub-order  2.    CoFFEEiE.    Stipules  scaly :  loouli  l-seeded. 

Coffea  arabica,  the  Coffee-tree  of  Africa,  is  grown  in  the  tropics ;  the  fruit,  a 
berry,  contains  one  or  two  seeds ;  the  so-called  coffee-bean  is  the  seed,  which 
consists  of  hard  endosperm  and  contains  a  small  embryo.  Cephaelis  yields 
Ipecachuana. 

Sub-order  3.  Cinchonkje.     Stipules  scaly  ;  loouli  many-seeded. 

Various  species  of  Cinchona,  indigenous  to  the  eastern  slopes  of  the  Andes, 
but  cultivated  in  Java  and  the  East  Indies,  yield  the  cinchona-bark  from  which 
Quinine  is  prepared.  Bouvardias  are  ornamental  greenhouse  plants  from 
Central  America. 

Order  2.  Caprifoliace^.  Flowers  usually  pentamerous,  actino- 
morphic  or  zygomorphic  :  corolla  usually  with  imbncate  eestiva- 
tion ;  gynaeceum  2-5-nierous :  ovales  suspended  :  fi*uit  baccate ; 
seed  with  endosperm:  leaves  opposite,  usually  exstipulate. 
Mostly  trees  or  shrubs. 


Ffo.  400.— Floral  diagram  of 
Caprifoliaotfse.  A  Leycesteria : 
a  gynfficeam  of  Jjonicera ;  b  of 
SymphoricarpoB. 

FfO.  461.— Flower  of  Lonictra  Caprt/oHum: /ovary;  fc  calyx;  r  coroUa-feabe;  cc  the  five 
lobes  of  the  limb ;  »t  suunena ;  g  style ;  n  stigma. 

Tribe  1.  Sambucea.  Flower  regular,  sometimes  completely  actinomorphio, 
corolla  rotate  (Fig.  829  C) :  one  ovule  in  each  locnlus. 

Sambucus  has  a  5-partite  corolla,  and  8-5  seeds  in  the  berry ;  S.  nig^ra  is  the 
Elder ;  8.  Ebului  is  the  Dwarf  Elder  or  Danewort.  Viburnum  has  a  5-partite 
corolla,  and  one  seed  in  the  trimerous  berry,  two  carpels  bein,^  abortive  ;  V. 
Lantana  and  V.  Opulus,  the  Guelder  Bose,  are  common ;  a  form  of  the  last 
species  is  cultivated  in  which  all  the  flowers  (and  not  merely  those  at  the 
circumference  of  the  corymb  as  in  the  original  species)  have  a  large  corolla,  and 
are  barren  ;  V,  Tinut  is  the  Laurustinus.  Adoxa  motchatellina,  the  Moschatel,  is  a 
small  plant  occurring  in  damp  woods ;  its  flowers  are  4-  or  5-merous ;  it  appears 
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that  there  is  no  calyx,  that  which  is  regarded  as  the  calyx  being  probably  an 
involucre  of  braoteoles  and  bract :  the  stamens  are  each  divided  into  two,  so 
that  there  are  8-10  bilocnlar  anthers. 

Tribe  2.  Lonicerea,  Flowers  more  or  less  irregular,  zygomorphic ;  corolla 
tubular :  locnli  containing  several  ovules. 

Lonicera,  the  Honeysuckle,  has  a  somewhat  bilabiate  corolla  (Fig.  461),  and  a 
2-3-locular  ovary ;  L.  Caprifolium  and  Periclymenum,  with  a  climbing  stem,  are 
well-known  garden  shrubs ;  in  many  species  the  fruit  of  two  adjacent  flowers 
grow  together  to  form  a  single  berry  (e,g,  L.  alpigena).  Symphoricarpiu 
racemosuM^  the  Snowberry,  has  a  4-5-locular  ovary  with  white  berries  ;  it  is  a 
common  ornamental  shrub.  Diervilla  (or  Weigelia)  has  a  bilocular  capsule ;  D. 
Jlarida  and  roiiea  are  ornamental  shrubs.  Linnaa  horealu  is  a  small  creeping 
plant  in  Scotland  ;  it  has  4  unequal  stamens,  the  posterior  being  suppressed,  and 
a  trilooular  ovary. 


Cohort   III.    Asterales.     Flower  either  irregular  or  regular, 
pentamerous,  zygomorphic  in   consequence  of   oligomery  in  the 


gynceceum  :    calyx   inconspicuous, 


Fio.  462.— ii  Flower,  B  Fruit  of  Valerian :  / 
ovary ;  fc  calyx ;  c  corolla ;  a  spar :  tt  stamens ; 
g  style;  p  pappas.  Floral  diagrams,  A  of 
Valerian  ;  abortive  carpels  x  x  :  B  of  Cen* 
tr&nthas. 


often  wanting :  stamens  epi- 
petalons,  alternating  with 
the  segments  of  the  corolla : 
ovary  unilocular,  ovule  soli- 
tary. 

Order  1.  ViLERiAXACEiE. 
Flower  irregular :  calyx 
rudimentary,  sometimes 
eventually  assuming  the  form 
of  a  hairy  crown  of  ten  rays, 
called  a  pappus,  which  is  not 
developed  until  after  flower- 
ing (Fig.  462  B,  p)  ;  during 
flowering  it  remains  short 
and  infolded  (Fig.  462  A,  k): 
stamens  1-4,  usually  three : 
carpels  three,  of  which,  how- 
ever, usually  only  one  de- 
velopes,  so  that  the  fruit  is 
unilocular  (Diagram  A,  Fig. 
462) ;  ovule  single,  sn»w 
pended  :  seed  without  endo- 
sperm :  leaves  decussate,  ex- 
stipulate. 

Of  the  genera  occurring  in 
Britain,  Valeriana  and  Centranthus 
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have  a  pappus  whilst  Yalerianella  has  not.  Valeriana  q/^ctraaZu,  and  dioica^  are 
common  in  damp  places.  Yalerianella  has  a  toothed  calyx-limb ;  many  species 
are  common  in  fields :  yalerianella  olitoriaj  Gorn-stilad,  or  Lamb's-lettuce,  is 
eaten.  Centranthus  ruber  is  an  ornamental  plant;  only  one  stamen  and  one 
carpel  are  developed  (Fig.  462,  Diagram  B) ;  at  the  base  of  the  tube  of  the 
corolla  is  a  spur  which  is  indicated  in  Valeriana  by  a  protuberance. 

Order  2.  Dipsacej?.  Flower  more  or  less  dorsi ventral,  sur- 
rounded by  an  epicalyx  (Fig.  463  k')  formed  of  connate  bi»acteoles: 
calyx  often  plumose  or  bristly  (Fig.  463  k)  :  corolla  usually  bila- 
biate :  stamens  only  four,  the  posterior  one  being  suppressed : 
ovary  apparently  dimerous,  one  carpel  being  more  or  less  com- 
pletely suppressed,  unilocular,  with  one  suspended  ovule  :  seed 
with  endosperm :  leaves  decussate,  exstipulate  :  flowers  in  a  dense 
capitulum  surrounded  by  an  involucre  of  bracts  :  the  outer  florets 
are  usually  ligulate :  the  receptacle  may  or  may  not  bear  scaly 
bracts  (palese) :  fruit  invested  by  the  epicalyx  which  is  cleft  longi- 
tudinally. 

Dipsaous,  the  Teazle,  has  a  calyx  without  bristles  ;  the  capitula  of  Dipsacus 
Fullonum  are  used  in  finishing  woollen  cloth,  for  the  sake  of  the  strong  hooked 
spines  of  the  palesB :  D.  tylveUris  is  common  on  waste  ground.  In  the  genus 
Scabiosa,  the  pale®,  which  are  usually  present,  are  not  spinous  :  in  the  sub-genns 
Asterocephalus,  the  epicalyx  (or  involucel)  is  8-f arrowed,  and  its  projecting  limb 
is  dry  and  scarions ;  S,  Columbaria,  with  a  5-lobed  corolla,  is  common  in  dry 
pastures :  in  the  sub-genus  Succisa,  the  limb  of  the  8-furrowed  epicalyx  is  her- 
baceoas  ;  S.  tuccita,  with  a  4-lobed  corolla,  occurs  in  damp  meadows :  in  the 
sub-genus  Enautia,  there  are  no  palees  but  the  receptacle  is  hairy,  and  the  epi- 
calyx is  4-fui'rowed  ;  S,  arvensis  is  common  in  fields. 

Order  3.  Composite:.  The  flowers  are  always  collected  into 
many-flowered  capitula  (sometimes  only  1-flowered) ;  different 
kinds  of  flowers  (  ^ ,  ?  ,  or  sterile)  generally  present  in  the  same 
head :  ovary  dimerous  unilocular,  with  a  basal,  erect,  anatropous 
ovule :  the  calyx  is  rarely  present  in  the  form  of  small  leaves  or 
scales  (Fig.  466  D,  p)  ;  more  commonly  it  is  a  crown  of  simple  or 
branched  hairs  (pappus;  Figs.  464  p;  466  A,  E,p),  and  is  not 
developed  till  after  the  flowering  is  over ;  sometimes  the 
calyx  is  wholly  wanting :  corolla  tubular,  either  regular,  and  5- 
toothed  (Figs.  464  -4,  c ;  466  (7,  m,  c),  or  irregular  and  expanded 
at  the  upper  end  in  a  lateral  limb  with  3  or  5  teeth  (Figs.  464  B ; 
466  By  ra ;  466  A^  ra,  c),  when  it  is  said  to  be  ligulate  :  the  sta- 
mens are  short,  inserted  upon  the  corolla  (Fig.  464  -4,  st)  ;  the 
anthers  are  elongated  and  syngenesious,  forming  a  tube  through 
which  the  style  passes  (Figs.  464  A,  a;  466  A,  a)  :  this  is  bifid  at 
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its  upper  end  (Fig.  464!  A,  n;  466  A  and  0,  n)  :  on  each  of  these 
branches  the  stigmatic  papillse  are  arranged  in  two  rows :  in  the 
wholly  ?  flowers  the  styles  are  usually  shorter  (Fig.  464  By  g)  : 
fruit  a  cypsela  (p.  530),  crowned  by  the  pappus  (Fig.  466  A^  E,  D, 
p)  when  it  is  present  (Fig.  466  F,f)  :  sometimes  the  fruit  has  its 
upper  end  prolonged  into  a  beak,  and  its  surface  is  covered  with 
ridges  or  spines  (Fig.  466  E) :  seed  without  endosperm. 

Usually  herbs  with  scattered  (more  rarely  decussate),  exstipulate 
leaves,  often  with  milky  latex.    The  capitula  are  always  surrounded 


,,          ^„     „               ,  Fio.  465.— Floral  dia- 

Fig.     463.— Flower     of  f      r             ta? 

Scabiosa (mag.): /ovary:  7\  ,      _      ..     '^^ 

, ,       .    /     /,               /.  (tubular  Eoret). 
k'  epicaljrx  (long  sect); 

k  caljx ;  c  corolla ;  $t  sta- 
mens ;  n  stigma. 

A  B 

Fig.  461.— Flower  of  Arnica  (mag.)*  -^  Tubular  floret  from  the  centre  (disc)  (longitudinal 
sect. ) .  B  Ligulate  marginal  floret  (raj) :  /  ovary ;  p  pappus ;  c  corolla ;  a  anthers ;  n  sUgma ; 
g  style ;  •  ovule. 

by  a  number  of  bracts  fonning  an  involucre  (Fig.  466  B,  (7,  i). 
The  scaly  bracts  of  the  individual  florets  (paleee)  may  be  present 
or  wanting  (Fig.  466  (7,  d). 

The  ComposittB  are  classified  according  to  the'  form  of  the 
flowers  and  to  the  distribution  of  the  different  kinds  of  flowers  in 
the  inflorescence. 

Sab-order  I.  Tubuliflor£.  The  capitula  either  consists  entirely  of  $  tabu. 
lar  florets  (by  tubular  flowers  are  meant  those  with  a  regular  5-toothed  corolla) 
or  the  central  florets  (florets  of  the  disc)  are  tubular  and  §  (Fig.  464  A)^ 
whereas  the  florets  of  the  ray  are  ligalate  and  $  or  sterile,  and  form  one  or  two 
rows  (Figs.  464  iJ ;  466  B  and  C,  ra). 
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Tribe  1.  Eupatoriea,  Leaves  mostly  opposite  :  flowers  all  tabular,  ^  ;  the 
branohes  of  style  narrow ;  papillas  extending  to  the  middle. 

Eupatorium  eannahinum^  the  Hemp  Agrimony,  is  common  in  damp  places. 

Tribe  2.  Asteroidea,  Leaves  alternate:  ray-florets  ?  or  sterile,  generally 
ligulate :  branohes  of  the  style  hairy  above,  papillaB  extending  to  where  the 
hairs  begin.  Many  species  of  Aster,  belonging  chiefly  to  North  America,  are 
cultivated  as  ornamental  plants,  as  also  Callistephm  hortennt^  commonly  known 
as  the  China  Aster.  Erigeron  acre,  alpinum,  and  canadense  occur  in  England  ; 
the  last  is  an  imported  weed.  Bellit  perennis,  the  Daisy,  has  no  pappus.  Solidago 
virgaurea  is  the  Golden  Bod. 


Fio.  466.— Flowers  of  Compositffi:  /  fruJt  or  ovary  :  h  its  beak  j  p  pappus;  c  corolla;  » 
stamens;  a  anthers;  n  stigrmata.  A  Lignlate  flower  ofTaraxacnm,  with  a6-toothed  corolla- 
limb,  9 .  B  Gapitulum  of  Achillea :  ra  floret  of  the  ray,  with  ligulate  3-toothed  corolla,  $ ; 
m  9  florets  of  the  disc,  with  a  6-toothed  tabular  corolla ;  i  involucre.  C  Longitudinal 
section  more  highly  magnified ;  r  receptacle ;  i  involucre ;  d  bracteoles  (palcse) ;  ra  floret 
of  the  ray ;  m  florets  of  the  disc ;  n'  stigmata  of  the  $  flowers.  D  Fruit  of  Tanacetum 
with  a  scaly  pappus :  E  of  Taraxacum,  with  a  hairy  pappus ;  h  beak :  F  of  Artemisia 
without  a  pappus  (mag.). 

Tribe  3.  Senecionidea.  Leaves  alternate :  ray-florets  in  one  row,  ligulate 
$  ,  rarely  absent :  branches  of  the  style  tufted  at  the  tips. 

Stnecio  vulgaris,  the  common  Groundsel,  has  no  ray-florets.  Arnica  montana 
occurs  in  Alpine  woods.  Two  species  of  Doronicum  (D.  PardaliancJies  and 
plantagineum)  have  become  naturalized  in  England.    Petasitet  vulgaris,  the 
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Butter-bur,  and  Tussilago  Farfara^  the  common  Coltsfoot,  are  common  in  damp 
fields. 

Tribe  4.  Anthemidea.  Leaves  alternate:  ray-florets  9»ligQl&te  or  tabular: 
branches  of  style  tufted  at  the  tips :  involucral  bracts  scarious :  pappus  0,  or 
minute. 

Artemisia  Abiinthiumt  Wormwood,  A.  vulgaris  and  eampestris  are  common: 
Chrysanthemum  Leucanthemum,  the  Ox-eye  Daisy,  is  common  in  fields  :  Matri- 
caria Chamomilla^  the  Wild  Chamomile,  has  a  hollow  conical  receptacle 
destitute  of  paleas :  Antliemis  nobiliSf  the  Common  Chamomile,  has  a  receptacle 
bearing  paleae,  as  also  A.  arvensis^  the  Com  Chamomile :  AchilUa  Millefolium 
is  the  Milfoil,  or  Yarrow  :  Tanacetum  vulgare  is  the  Tansy :  Diotis  maritima  is 
the  seaside  Cotton-weed. 

Tribe  5.  Helianthoidea,  Leaves  opposite  :  ray-florets  0  or  ligulate,  yellow, 
$  or  sterile :  branches  of  style  as  in  AsteroidesB. 

Bidens  is  common  in  wet  places.  Galinsoga  is  naturalized  in  England.  Heli- 
anthus  annuus  is  the  Sunflower;  oil  is  extracted  from  the  seeds :  tbe  tubers  of 
H,  ttibfrosus^  a  West  Indian  species,  are  rich  in  inulin  (p.  114),  and  serve  as 
a  vegetable  (Jerusalem  Artichoke).  Species  of  Zinnia,  Budbeckia,  Dahlia,  and 
Coreopsis  are  cultivated. 

Tribe  6.  Helenioidea,  Resemble  the  HelianthoideiB,  but  the  receptacle  is 
without  paleae.  Species  of  Helenium,  Tagetes,  Gaillardia,  are  commonly  culti- 
vated as  garden  flowers. 

Tribe  7.  Inuloidra.  Leaves  alternate  :  ray-florets  frequently  ligulate,  ? , 
yellow  :  antbers  appendiculate  at  base. 

In  Inula  (J.  Helenium,  the  Elecampane),  Pulicaria  (P.  dysenteriea^  the  Flea- 
bane),  and  others,  the  ray-florets  are  ligulate ;  whereas,  in  other  genera,  Gna- 
pbalium  (the  Cudweed),  Filago,  Anteunaria,  the  ray-florets  are  filiform  ;  Anten- 
naria  is  dioecious. 

Tribe  8.  Cynarete.  Flowers  all  tubular,  the  outer  ones  sometimes  ?  or 
sterile:  style  thickened  below  the  branches:  anthers  often  appendiculate  at 
base :  leaves  generally  armed  with  spines,  alternate. 

Arctium  Lappa  {A.  majus),  the  Burdock,  is  common  by  roadsides  ;  the  leaves  of 
the  involucre  are  hooked  and  spinous.  Carduus  nutans  and  crispus  are  common 
(true)  Thistles  ;  Cnicus  lanceofatuSt  palustris^  pratensis  (Plume- thistles),  are 
common  in  damp  districts.  Carlina  vulgaris  is  the  Carline-Thistle  ;  the  inner 
leaves  of  the  involucre,  which  are  white,  fold  over  the  flower-head  under  the 
influence  of  moisture,  but  in  drought  spread  widely  open.  Onopordon  Acanthium 
is  the  Scotch  or  Cotton  Thistle.  Centaurea  Scabiosa  and  nigra^  the  Knapweeds, 
are  common  everywhere  :  C.  Cyanm  is  the  Corn-flower  or  Bluebottle,  occurring 
in  wheat-tields.  Cynara  Scolymus  is  the  Artichoke ;  the  flower-buds  are  eaten 
as  a  vegetable.  Caithamus  tiuctoria,  the  Safflower,is  used  in  dyeing,  In  Echi- 
uops,  the  Globe- Thistle,  numerous  one-flowered  capitula  are  collected  into  one 
large  spherical  head.     Saussurea  and  Serratula  are  the  Saw-worts. 

Tribe  9.  Calendulea.  Bay-florets  $  and  usually  ligulate :  disc-florets  usu- 
ally sterile. 

Calendula  o^inalisy  the  Pot  Marigold,  is  a  familiar  garden  plant. 

Sub-order  IL  Labiatifloile.  The  $  disc-florets  have  a  regular  or  a  bilabiate 
corolla ;  the  ray-florets  have  usually  a  bilabiate  corolla. 
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Tribe  10.  MvtUiea,  This  tribe  inolades  all  the  CompositsB  with  a  bilabiate 
corolla:  they  come  mostly  from  South  America.  Mutisia  is  one  of  the  few 
climbing  genera :  it  climbs  by  means  of  leaf- tendrils. 

Sub-order  III.  Liouliflobjs.  All  the  florets  are  ^ ;  limb  of  the  corolla  5- 
toothed  and  ligulate  (Fig.  466  A). 

Tribe  11.  Cichoriea,  Mostly  herbs,  all  containing  latex  in  laticiferous 
vessels  (p.  142). 

Taraxacum  officinale ^  the  Dandelion,  is  the  commonest  of  wild  flowers. 
Lactuca  nativa  is  the  Lettuce :  L,  Scariola,  virosa^  and  others  are  common  in 
waste  places.  Scononera  hupanica  is  eaten  as  a  vegetable.  Tragopogon  por- 
rifolim  is  the  Salsafy ;  T.  pratensis,  the  Goat*s-beard.  is  common.  Cichoriuni 
IntybuSf  the  Chicory,  is  found  by  roadsides ;  the  roasted  roots  are  mixed  with 
Ck)ffee:  C.  Endivia  (Endive)  is  a  vegetable.  To  this  tribe  belong  also  the 
British  genera  Hypochferis  (Cat*s-ear),  Amoseris  (Lamb's  Succory),  Leontodon 
(Hawkbit),  Hieracium  (Hawkweed),  Sonohus  (Sow -Thistle),  Crepis  (Hawk's- 
beard),  Lapsana  (Nipplewort),  Picris. 
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PART   IV. 
THE   PHYSIOLOGY  OF  PLANTS. 

§  1.  Introductory.  The  province  of  physiologry  is  the  stndj 
of  those  phenomena  which,  taken  together,  constitute  the  life  of 
the  plant ;  in  other  words,  whilst  morphology  is  concerned  with 
what  plants  are^  and  histology  with  their  structure,  physiology 
deals  with  what  they  do.  These  phenomena  may  be  classified, 
according  to  their  nature,  into  functions^  or  different  kinds  of 
physiological  work. 

The  body  of  the  plant,  whether  it  be  unicellular  or  multicellular, 
is  one  physiological  whole.  In  the  lower  and  simpler  plants  the 
various  functions  are  equally  discharged  by  all  parts  of  the  body  ; 
but  in  more  highly-organised  plants  the  functions  ai'e  distributed 
among  the  members  and  tissues,  that  is,  there  is  physiological 
division  of  labour  (see  pp.  2,  92).  In  these  higher  plants  each 
member,  and  each  tissue,  is  adapted  to  the  performance  of  one 
or  more  functions,  and  is  the  organ  (p.  2)  by  which  these  special 
kinds  of  physiological  work  are  done. 

The  performance  of  their  functions  by  the  organs  of  the  plant  is, 
however,  materially  affected  by  various  external  conditions.  For 
instance,  the  activity  of  the  assimilatory  function  of  green  leaves 
is  istltogether  dependent  upon  exposure  to  light  of  adequate  in- 
tensity. Hence  the  object  of  physiology  is  not  only  to  distinguish 
and  study  the  various  functions,  and  to  demonstrate  the  relation 
between  them  and  the  internal  structure  and  the  external  form  of 
the  organs  performing  them,  but  also  to  determine  what  are  the 
external  conditions  by  which  the  performance  of  the  varioos 
functions  is  affected,  and  the  modes  in  which  these  conditions  exert 
their  influence. 


CHAPTER   L 
GENEBAL   PHYSIOLOGY. 

§  2.  The  Functions.  In  entering  upon  the  analysis  of  the 
vital  phenomena  of  plants,  it  must  be  clearly  understood  that  these 
phenomena  all  depend  upon  the  living  protoplasm ;  that  the  vital 
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f  anctions  are  performed  by  the  protoplasm,  though  the  other  cell- 
contents  and  the  cell-walls  are  not  without  their  physiological 
importance.  With  regard  to  the  functions  themselves,  it  is 
apparent,  in  the  first  place,  that  the  outcome  of  the  physiological 
activity  of  the  plant  is  the  maintenance  of  itself,  and  the  produc- 
tion of  new  individuals  resembling  itself.  Hence  a  distinction  may 
at  once  be  drawn  between  the  nutritive  and  the  reproductive  pro- 
perties of  protoplasm.  Moreover,  during  its  life,  the  plant 
responds,  in  a  more  or  less  marked  manner,  to  the  action  of 
external  forces,  such  as  light,  gravity,  etc.  This  is  a  manifesta- 
tion of  another  property  of  the  protoplasm,  namely  irritdbiUty  or 
sensitiveness.  Very  commonly  the  response  to  the  action  of  the 
external  forces  is  of  the  nature  of  movement :  but  movements  may 
be  spontaneously  performed  by  various  parts  in  virtue  of  the  auto- 
matism of  the  protoplasm  :  the  motile  property  of  protoplasm  may 
be  termed  motility. 

The  nutritive  property  of  protoplasm  requires,  however,  further 
analysis.  First,  it  is  clear  that  nutrition  necessarily  depends  upon 
the  absorption  of  food  from  without ;  hence  the  plant  is  capable 
of  performing  the  function  of  absorption.  Secondly,  from  the  food 
absorbed,  protoplasm  must  ultimately  be  formed ;  the  building  up 
of  protoplasm  out  of  the  food  is  termed  assimilation^  and  the  pro- 
perty by  means  of  which  this  function  is  performed  is  termed  the 
mstaholic  property  of  protoplasm. 

But  the  metabolic  processes  going  on  in  the  protoplasm  are  not 
only  such  as  lead  to  its  maintenance  or  increase  in  bulk  ;  on  the 
contrary,  the  protoplasm  is  continually  undergoing  decomposition. 

Stating  these  points  in  a  more  general  form,  it  is  to  be  clearly 
apprehended  that  there  are  two  sets  of  chemical  processes  con- 
tinually and  simultaneously  going  on  in  living  protoplasm.  Of 
these,  which  together  constitute  the  metabolism  of  the  plant,  one 
set  includes  those  processes  which  lead  to  the  formation  of  more 
complex  substances  from  simpler  ones  ;  the  other,  those  processes 
which  lead  to  the  formation  of  simpler  substances  by  the  decom- 
position of  more  complex  ones.  The  former  are  designated  the 
constructive  metabolism  or  more  shortly,  the  anabolism^  of  the  proto- 
plasm ;  the  latter  are  designated  the  destructive  metabolism^  or  the 
catabolism,  of  the  protoplasm.  It  must  also  be  clearly  understood 
that  these  two  sets  of  processes  affect  not  only  the  state  of  the 
matter  or  substance  of  which  the  plant  consists,  but  also  the  state 
of  the  energy  in  the  plant :  for  the  anabolism  is  accompanied  by 
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a  conversion  of  kinetic  into  potential  or  latent  energy,  and  the 
catabolism,  by  a  conversion  of  potential  into  kinetic  energy. 

These  various  points  will  now  be  severally  considered. 

1.  Absorption.  The  main  idea  connected  with  this  function  is 
the  taking  up  of  water  and  other  substances  into  the  plant  from 
without ;  but  it  must  not  be  overlooked  that,  in  a  mnlticellnlar 
plant,  the  cells  absorb  from  each  other. 

In  any  case,  the  function  of  absorption  depends  npon  the 
physical  process  of  diffusion  through  membrane  of  substances  in 
solution,  or  osmosis.  For  instance,  supposing  two  adjacent  cells, 
one  of  which  has  its  cell-sap  charged  with  sugar,  whereas  that 
of  the  other  has  none ;  the  sugar  will  diffuse  through  the  inter- 
vening cell-wall  until  the  sap  in  both  cells  holds  the  same  pro- 
portion in  solution.  This  being  the  mode  of  absorption,  it  is 
clear  that  the  substances  can  only  be  absorbed  in  the  fluid  form, 
either  as  liquids  or  gases. 

So  far  the  function  of  absorption  would  appear  to  be  a  simply 
physical  process.  It  must,  however,  be  borne  in  mind  that  the 
cell- wall  is  lined  by  living  protoplasm,  which  modifies  the  purely 
physical  diffusion  through  the  cell- wall,  both  as  regards  the  nature 
and  relative  quantity  of  the  substances  which  pass  into  or  out  of 
the  cell ;  so  that  the  physical  laws  of  osmosis,  as  determined  by 
experiments  with  dead  membrane,  are  not  directly  applicable  to 
the  osmotic  phenomena  of  a  living  cell. 

There  is  one  manifestation  of  the  osmotic  properties  of  living 
plant-cells  which  is  of  such  fundamental  importance,  particularly 
in  connexion  with  movement,  that  it  requires  special  mention. 
It  is  this,  that  the  cells  tend  to  take  up  such  large  quantities  of 
water,  that  a  considerable  pressure  is  set  up  in  the  cell  between 
the  cell-sap,  on  the  one  hand,  and  the  elastic  cell- wall  on  the 
other.  This  state  of  tension  is  known  as  turgidity  or  turgescence, 
and  a  cell  in  this  state  is  said  to  be  turgid.  The  conditions  upon 
which  turgidity  depends  are  three :  first,  the  presence  of  osmoti- 
cally  active  substances  in  the  cell -sap  to  attract  water ;  second, 
the  presence  of  a  layer  of  protoplasm  lining  the  cell- wall ;  third, 
the  presence  of  an  elastic  cell- wall.  With  regard  to  the  first  of 
these  conditions,  the  necessity  for  it  is  obvious.  It  appears  that  the 
osmotically  active  substances  in  question  are  especially  the  organic 
acids  or  acid  salts,  which  are  abundantly  produced  in  the  meta- 
bolism of  plants.  The  significance  of  the  second  condition  is, 
that    the  layer  of   protoplasm  prevents,  at  least  within   certain 
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limits,  the  escape  of  the  cell-sap  as  the  pressure  in  the  cell  in- 
creases, and  it  is  on  this  account  that  the  high  degree  of  turgidity 
of  plant-cells  is  attained.  Finally,  the  presence  of  an  elastic 
cell-wall  is  obviously  a  necessary  factor,  for  without  resistance 
there  can  be  no  pressure. 

It  commonly  happens,  as  will  be  subsequently  pointed  out  in 
many  instances,  that  an  escape  of  cell-sap  fix)m  turgid  cells  may 
take  place  without  any  rapture  or  injury  of  the  cells ;  this  is 
termed  the  escape  of  cell-sap  hy  filtration  under  pressure. 

It  is  clear,  since  the  plant  can  only  absorb  dilute  solatious  of 
solids  dissolved  in  water,  that  a  much  larger  quantity  of  water 
than  is  necessary  for  the  immediate  wants  of  the  plant,  must  be 
absorbed ;  and  it  is  necessary  that  this  excess  of  water  should  be 
got  rid  of.  It  is  got  rid  of  mainly  in  the  form  of  watery  vapour 
which  is  exhaled  into  the  air.  This  exhalation  of  watery  vapour 
is  not  simply  physical  evaporation,  but  is  a  vital  phenomenon 
controlled  by  the  living  protoplasm ;  it  is  termed  transpiration. 

2.  Metabolism.  This  term  refers  to  all  the  chemical  changes 
which  go  on  in  living  protoplasm  itself,  and  which  it  induces  in 
other  substances. 

a.  Andbolism.  It  has  been  already  stated  that  the  metabolic 
processes  included  under  this  head,  are  those  in  which  complex 
substances  are  formed  from  simpler  ones.  The  most  complex 
substance  of  all  being  protoplasm,  it  may  be  stated  that  the  end  of 
the  anabolic  processes  is  the  construction  of  protoplasm. 

The  anabolic  process  which  is  most  fundamentally  important, 
and  which  is  most  characteristic  of  plants  as  opposed  to  animals, 
is  the  construction,  by  the  green  parts  of  plants  under  the  in- 
fluence of  light,  of  organic  substance  from  carbon  dioxide 
absorbed  from  the  air,  and  water  absorbed  from  the  soil.  This  is 
the  first  step  in  the  process  of  assimilation  as  carried  on  in 
plants  containing  chlorophyll. 

h.  Catabolism.  Under  this  head  are  included  the  dissociations 
which  the  molecules  of  protoplasm  undergo,  and  those  which  it 
induces  in  other  complex  substances,  either  directly,  or  by  means 
of  certain  metabolic  substances  known  as  enzymes  or  unorganised 
ferments. 

In  most  cases  the  catabolism  of  the  plant  is  accompanied  by  a 
gaseous  interchange  between  the  plant  and  the  air,  of  this  nature 
that  the  plant  absorbs  oxygen  gas  and  gives  off  carbon  dioxide. 
This  gaseous  interchange  is  known  as  respiration. 
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The  Prodticts  of  Metabolism  may  be  classified  as  plastic  products 
and  waste-products :  the  former  are  such  as  can  be  further  worked 
np  in  anabolism ;  the  latter  are  not  so  ased,  but  are  withdrawn 
from  the  sphere  of  the  metabolic  activity,  by  being  either  ex- 
creted, or  secreted  in  the  insoluble  form  in  special  receptacles 
(see  pp.  137  ft).  Of  the  products  of  catabolism,  carbon  dioxide  is 
the  most  constant. 

3.  Irritability.  It  is  in  virtue  of  the  irritability  of  its 
protoplasm  that  the  plant  is  in  relation  with  the  external  condi- 
tions under  which  it  is  living.  Any  sudden  change  in  the  ex- 
ternal conditions,  or  in  the  direction  or  intensity  of  the  forces 
acting  upon  the  plant,  evokes  some  more  or  less  evident  response ; 
that  is,  it  acts  as  a  stimulus,  inducing  a  more  or  less  sudden  evolu- 
tion of  kinetic  energy.  The  most  striking  response  to  the  action 
of  a  stimulus  is  the  performance  of  a  movement :  it  must  not, 
however,  be  inferred  that  because  stimulation  may  fail  to  produce 
a  responsive  movement  of  any  part,  the  protoplasm  of  that  part 
is  not  irritable ;  for  it  must  bo  borne  in  mind  that  the  mechanical 
conditions  may  be  such  as  to  render  movement  impossible. 

That  it  is  essentially  the  protoplasm  which  is  the  seat  of 
irritability  is  shown  by  the  fact  that  naked  masses  of  protoplasm, 
such  as  zoospores  and  the  plasmodia  of  Myxomycetes,  are  highly 
irritable. 

4.  Automatism.  Movements  may,  however,  take  place  without 
the  action  of  a  stimulus,  such  movements  being  distinguished  as 
spontaneous  or  automatic.  They  are  to  be  ascribed  to  spontaneous 
evolutions  of  energy  in  the  plant,  which  may  be  sadden  or 
periodic. 

5.  Motility.  This  property,  by  means  of  which  the  move- 
ments, whether  spontaneous  or  induced  by  stimuli,  of  parts  of 
plants  are  performed,  resides,  like  the  irritability,  in  the  proto- 
plasm, as  is  clearly  shown  by  the  movements  of  naked  masses  of 
protoplasm. 

6.  Reproduction.  The  function  of  reproduction  consists  essenti- 
ally in  the  throwing  off  by  the  individual  of  portions  of  its 
protoplasm,  by  which  new  individuals  resembling  itself  are  pro- 
duced. The  reproductive  property  is  generally  widely  dis- 
tributed in  plants,  so  that  almost  any  part,  if  cut  off,  can  develope 
the  missing  members,  thus  completing  its  segmentation  and 
producing  a  new  individual.  In  most  cases,  however,  there  is 
provision  for  the  formation  of  special  reproductive  cells,  termed 
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generally  spores^  each  of  which  is  capable  of  developing  into  a  new 
organism  (see  pp.  3,   67). 

§  3.  The  External  Conditions.  The  functions  of  the  plant 
can  only  be  carried  on  under  a  certain  coincidence  of  favourable 
external  conditions.  Thus,  an  ordinary  green  plant  will  only 
flourish  when  the  conditions  are  such  that  it  is  supplied  with 
appropriate  food,  with  water,  and  with  oxygen  for  its  respiitition, 
and  is  exposed  to  a  suitable  temperature  and  to  sufficiently  in- 
tense light. 

The  importance  of  a  supply  of  food  and  of  water  is  sufficiently 
obvious  to  need  no  further  explanation  here.  The  importance  of 
a  supply  of  oxygen  is  that  without  it  the  normal  catabolic  pro- 
cesses which  are  attended  by  an  evolution  of  kinetic  enei'gy  in 
the  plant  would  either  cease,  or  be  so  far  suppressed  that  the  plant 
would  no  longer  manifest  its  vital  phenomena ;  for  instance,  it 
would  cease  to  grow,  and  would  eventually  die.  But  it  must  not 
be  assumed  that  these  catabolic  processes  are  the  ultimate  source 
of  energy  in  the  plant:  on  the  contrary,  the  enei-gy  evolved  in 
the  decomposition  of  a  substance  only  represents  a  part  or  the 
whole,  according  to  the  degree  to  which  decomposition  proceeds, 
of  the  energy  expended  in  producing  the  substance.  And  here  it 
is  that  the  importance  of  heat  and  light  to  the  plant  becomes 
apparent;  for  the  heat  and  light  of  the  sun  are  the  ultimate 
sources  from  which  the  plant  obtains  the  energy  necessary  for  the 
maintenance  of  its  life.  Heat  is  an  essential  condition  to  the  per* 
formance  of  all  the  vital  functions  of  the  plant :  and  light  is  an 
essential  factor  in  that  most  fundamental  of  all  the  nutritive 
processes  of  the  green  plant,  the  assimilation  of  carbon  dioxide. 

Inasmuch  as  the  influence  of  heat  and  light  is  so  comprehen- 
sive, it  may  be  generally  considered  now,  the  detailed  considera- 
tion of  these  and  other  external  conditions  being  relegated  to  the 
discussion  of  the  functions  which  they  especially  affect. 

Heat.  Every  function  of  the  plant  can  only  take  place  within 
certain  limits  of  temperature :  that  is,  between  a  certain  minimum 
and  a  certain  maximum  degree.  Between  these  limits  there  is  for 
each  function  a  degree  of  temperature,  the  optimum^  at  which  that 
function  is  carried  on  with  the  greatest  activity ;  any  fall  of 
temperature  from  this  optimum,  or  any  rise  above  it,  leads  to  a 
diminished  activity  of  the  function.  These  general  laws  have  been 
arrived  at  by  observation  of  such  processes  as  movement,  absorp- 
tion by  the  roots,  assimilation,  etc. 

V.  S.  B.  XX 
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It  may  be  stated  generally  that  all  the  functions  of  plants 
inhabiting  temperate  climates  begin  to  be  carried  on  at  a  tempera- 
ture a  few  degrees  above  the  freezing-point ;  as  the  temperature 
nses  to  25°-30°  C.  the  activity  of  the  functions  is  increased  and 
the  optimum  attained;  with  a  further  rise  the  activity  of  the 
functions  is  diminished,  and  at  45°-50°  C.  they  commonly  cease 
altogether.  In  the  case  of  plants  which  naturally  grow  in  warmer 
climates,  the  minimum-temperature  is  somewhat  higher  than  that 
stated  above.  Thus  a  pumpkin-seed  will  not  germinate  at  a 
temperature  below  13°  C. 

The  power  of  withstanding  the  injurious  effect  of  exposure  to  too 
high  a  temperature  depends  mainly  upon  the  proportion  of  water 
which  the  plant,  or  any  particular  part  of  it,  contains.  Thus,  diy 
peas  can  withstand  exposui*e  for  an  hour  to  any  temperature  up  to 
70°  C,  whereas,  when  they  have  been  soaked  in  water,  exposure 
to  a  temperature  of  54°  C.  proves  fatal.  Most  parts  of  plants  are 
killed  by  prolonged  exposure  to  a  temperature,  in  air,  of  about 
50°  C,  and  in  water,  of  about  45°  C. 

Injury  or  death  by  exposure  to  cold,  is  only  induced  when  the 
temperature  falls — in  some  cases  many  degrees — below  freezing- 
point.  Some  plants — just  those,  namely,  such  as  Lichens,  and 
some  Fungi  and  Mosses,  which  can  undergo  desiccation  without 

injury — are  not  killed  by  exposure 
to  low  temperature.  Here,  also,  the 
liability  to  injury  depends  upon  the 
amount  of  water  contained  in  the 
tissue.  Thus,  dry  seeds  and  the 
winter-buds  of  trees  can  readily 
withstand  low  temperatures ;  but 
when  they  contain  a  considerable 
quantity  of  water,  as  when  the  seeds 
are  germinating  or  the  buds  unfold- 
Pio.  467— Traniveree  section  of  a  ing,  they  are  Ycry  susceptible  to 
froBen  lear^^taik  of  CynaraScoiymu*:      injury.     When   a  part  of  a   plant, 

c  the  detached  epidermis ;  0  the  paren-  i-t                .               i                               . 

chyma  in  which  lie  the  traneverw  whlch   contains    a    large   proportion 

sections  of  the  vascolar  bundles  (left  of  water,  is  exposed  to  a  low  t«m- 

white);  KK  the  incrustation  of  ice  .            ^     -v 

consuting  of  densely-crowded  prisms     perature,   a   portion   Of   the   water 
(the  cavities  of  the  ruptured  tissue      contained  in  the  cells  escapes  from 

are  left  black  in  the  figure).  , ,  ,    ,  -  xi.    • 

them  and  becomes  frozen  on  their 
surface,  the  whole  tissue  at  the  same  time  contracting ;  the  water 
does  not  freeze  in  the  interior  of  the  cells.     The  water  which  has 
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thus  escaped  and  frozen  forms  an  incrastation  (Pig.  467),  con- 
sisting of  a  number  of  elongated  ice-crjstals  arranged  side  by 
side.  This  ice  is  very  pure,  for  the  substances  in  solution  in  the 
cell-sap  remain  behind  in  a  more  concentrated  form. 

It  has  been  ascertained  that  this  formation  of  ice  is,  in  itself, 
not  necessarily  fatal  in  all  cases.  If  the  frozen  part  be  slowly 
thawed,  the  cells  may  gradually  reabsorb  the  water,  and  so  return 
to  their  previous  normal  condition.  If,  however,  the  frozen  part 
be  rapidly  thawed,  the  cells  cannot  absorb  the  water  sufficiently 
rapidly;  it  therefore  either  collects  in  the  intercellular  spaces, 
causing  discolouration  and  decay,  or  it  runs  off  and  evapoi^ates,  so 
that  the  part  dries  up.  In  many  cases,  however,  slow  thawing 
does  not  ensure  immunity ;  for  instance,  the  leaves  of  the  Pump- 
kin or  the  Dahlia :  it  appears  that,  in  such  cases,  the  escape  of 
water  from  the  cell,  which  takes  place  at  the  time  of  freezing, 
causes  fatal  disorganisation  of  the  cells.  Again,  in  the  case  of 
long-continued  cold,  the  ice  formed  outside  the  cells  may  be 
gradually  removed  by  evaporation,  so  that  on  thawing,  the  water 
necessary  to  restore  the  normal  condition  of  the  cells  is  not  forth- 
coming. 

The  effect  on  the  trunks  of  trees  of  exposure  to  cold  is  to  cause 
radial  splits,  which  close  up  again  as  the  temperature  rises,  but 
which  actually  heal  only  in  the  cortex.  The  splitting  is  due  to 
the  unequal  contraction  of  the  wood,  which  is  greater  in  the 
external  moro  watery  portion,  than  in  the  interior. 

Light.  The  influence  of  light  may  be  considered  under  two 
heads  :  (1)  the  chemical  effects,  produced  for  the  most  part  by  the 
less  refrangible  rays  of  the  spectrum ;  (2)  the  mechanical  effects, 
produced  mainly  by  the  highly  refrangible  rays. 

The  most  conspicuous  chemical  effects  are  manifested  in  plants 
which  normally  contain  chlorophyll.     They  are  : — 

a.  The  formation  of  chlorophyll :  in  Phanerogams  the  colouring- 
matter  of  the  chloroplastids  cannot  acquire  its  green  hue  (except  in 
the  seedlings  of  Conifers  and  some  other  plants),  but  remains 
yellow  (etiolin),  unless  exposed  to  light  of  not  t.oo  great  intensity. 
This  effect  is  not  confined  to  the  rays  of  low  refrangibility,  but 
is  produced  (with  equal  intensity  of  light)  also  by  those  of  high 
refrangibility.  The  formation  of  chlorophyll  is  also  dependent  on 
temperature,  and  will  not  take  place  if  it  be  too  low ;  hence  the 
shoots  of  plants  developed  in  the  early  spring  remain  yellow  if 
the  weather  is  cold. 
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h.  The  assimilation  of  carbon  dioxvle  by  the  chloroplastids  will 
only  take  place  in  the  presence  of  light  of  considerable  intensity ; 
it  is  especially  a  function  of  the  rays  of  low  refrangibility,  as  will 
be  subseqnently  explained.  This  is  also  true  of  the  first  steps  in 
the  assimilation  of  mineral  nitrogenous  food  (nitrates). 

The  most  conspicuous  mechanical  effects,  exhibited  by  plants  of 
all  kinds  are  : — 

a.  The  paratoyiic  eff'ect.  All  parts  of  plants,  grow  more  rapidly 
in  feeble  than  in  strong  light,  as  is  shown  by  the  excessive  length 
attained  by  the  shoots  of  plants  grown  in  the  dark  ;  hence,  light 
exercises  a  retarding  influence  on  the  rate  of  growth ;  it  likewise 
inhibits  the  spontaneous  movements  of  motile  leaves. 

h.  The  phototoriic  effect.  Dorsiventral  leaves,  when  growing, 
generally  cease  to  grow,  and  when  motile,  lose  the  power  of  move- 
ment, if  long  kept  in  darkness ;  but  they  soon  regain  the  power 
of  movement  on  being  again  exposed  to  light ;  this  condition  of 
motility  induced  by  light  is  known  &s  phototonus, 

c.  The  directive  effect.  The  dii*ection  of  the  incident  rays  of 
light  affects  the  position  of  growing  and  other  motile  members  : 
these  phenomena  are  designated  by  the  general  term  heliotropism. 

The  various  influences  of  light  are  well  illustrated  by  plants 
grown  in  darkness,  or  etiolated  plants.  For  instance,  an  etiolated 
potato-shoot  has  a  stem  with  excessively  long  internodes,  a  result 
of  the  absence  of  the  paratonic  effect  of  light ;  very  small  leaves, 
in  consequence  of  the  absence  of  the  phototonic  effect ;  no  chloro- 
phyll, in  consequence  of  the  absence  of  the  chemical  action  of 
light.  Etiolation  can,  however,  be  induced,  not  only  in  plants 
which  normally  possess  chlorophyll,  but  in  others  as  well ;  for 
instance,  Fungi  grown  in  darkness  exhibit  the  characteristic 
excessive  elongation.  Again,  plants  grown  in  light  of  low  re- 
frangibility (yellow  or  red)  show  the  elongation  characteristic  of 
etiolation  ;  chlorophyll  is  formed,  and  the  leaves  are  fairly  well 
developed,  but  there  is  no  heliotropic  curvature :  grown  in  light 
of  high  refrangibility  (blue),  the  stem  is  stunted  and  the  leaves 
very  small,  though  chlorophyll  is  developed,  and  heliotropic 
curvature  is  well  marked ;  they  soon  die. 

§  4.  The  Functions  of  the  Tissues.  In  dealing  with  this 
subject,  it  is  important  to  distinguish  between  the  vital  and  the 
physical  functions ;  to  distinguish,  that  is,  the  functions  which 
depend  upon  the  activity  of  the  living  pix)top]asm,  from  those 
which  depend  upon  some  chemical  or  mechanical  property  of  the 
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cell-sap,  or  of  the  cell- wall,  of  the  constituent  cells.  The  follow- 
ing remarks  apply  especially  to  the  terrestrial  higher  plants. 

a.  The  Tegumentary  l^sue  (see  pp.  132,  153),  whether  pri- 
mary (epidermis)  or  secondary  (periderm),  has  as  its  primary 
function  the  mechanical  protection  of  the  underlying  tissues  :  but 
it  has  the  further  functions  of  absorption  and  of  preventing 
excessive  transpiration. 

The  absorptive  function  is  confined  to  the  primary  tegumental^ 
tissue :  it  is  by  means  of  this  tissue  that  absorption  is  carried 
on  by  subterranean  roots,  either  with  or  without  root-hairs  (see 
pp.  154,  159),  as  also  by  the  general  surface  of  submerged  parts 
of  aquatic  plants  (p.  157). 

The  prevention  of  excessive  transpiration  is  effected  by  the 
more  or  less  well-marked  cuticularisation  of  the  walls  of  the 
epidermal  and  peridermal  cells  of  sub-aerial  parts.  Since  these 
walls,  though  more  or  less  pervious  to  gases,  are  almost  or 
altogether  impervious  to  watery  vapour,  the  watery  vapour 
evolved  in  the  interior  of  the  plant  has  to  escape  through  special 
apertures,  namely  the  stomata  and  the  lenticels :  and  the  tran- 
spiration is  further  regulated  (see  p.  156)  by  the  opening  and 
closing  of  the  stomata.  The  importance  of  the  tegumentary  tissue 
in  preventing  desiccation  is  directly  established  by  the  fact  that 
parts  of  plants  deprived  of  their  tegumentary  tissue  quickly  dry 
up  :  and  indirectly,  by  the  relation  between  the  degree  of  develop- 
ment of  this  tissue  and  the  conditions  of  life  of  the  plant.  Thus, 
this  tissue  is  highly  developed  in  plants  which  grow  in  dry 
situations,  whereas  in  the  submerged  parts  of  aquatic  plants  it  is 
imperfectly  differentiated,  and  there  are  usually  no  stomata  or 
lenticels  :  hence,  the  more  the  conditions  of  life  tend  to  promote 
transpiration,  the  more  highly- developed  is  the  tegumentary  tissue. 

The  epidermis  of  sub-aerial  parts  also  produces  hairs  of  various 
kinds.  The  function  of  these  is  often  secretory,  indicating  the 
importance  of  the  epidermis  as  a  glandular  tissue  (see  p.  142). 
But,  more  commonly,  they  are  purely  protective,  serving  to 
diminish  transpiration  and  radiation,  and  to  screen  the  chlorophyll 
from  too  intense  light.  A  clothing  of  hairs  is  characteristic  of 
xerophilous  plants ;  plants,  that  is,  which  habitually  grow  in  dry 
soil  and  sunny  situations. 

The  primary  tegumentary  tissue  is  also  of  importance  in  con- 
nection with  reproduction,  as  it  sometimes  gives  rise  to  repro- 
ductive organs  (e.g.  sporangia  of  Leptosporangiate  Filicinse). 
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h.  The  Parenchymatoujt  Tissue  (see  p.  131),  consisting  as  it 
typically  does  of  cells  which  contain  living  protoplasm,  is  the 
seat,  not  only  of  the  metabolic  processes,  but  also  of  the  movements 
and  irritability  of  plants. 

Different  nati-itive  functions  are  discharged  by  various  regions 
of  this  tissue.  For  instance,  the  parenchymatous  tissue  of  sub- 
aerial  parts,  lying  near  the  surface  and  exposed  to  light,  contains 
chlorophyll,  and  carries  on  the  assimilation  of  carbon :  this  applies 
especially  to  the  leaves.  Again,  the  cells  of  this  tissue  are 
frequently  glandular  (see  p.  137),  containing  or  excreting  various 
waste-products :  or  they  serve  as  depositories  of  reserve  plastic 
substances  (e.g.  starch,  etc.),  or  as  conducting-tissue  for  organic 
substances. 

It  may  also  be  pointed  out  that  this  tissue  is  connected  with 
the  reproductive  processes  in  that  the  reproductive  organs  (e.g. 
hypodermal  archesporium  of  most  plants)  are  developed  from  it 
in  part. 

lurther,  the  cells  of  this  tissue,  having  usually  extensible 
walls,  are  capable  of  being  turgid  and  of  varying  in  bulk :  hence 
they  are  the  seat  of  the  movements  of  those  members,  or  parts  of 
them,  in  which  movement  is  a  mechanical  possibility ;  and  when 
turgid,  they  give  a  considerable  degree  of  rigidity  to  the  member 
of  which  they  form  part. 

The  intercellular  spaces  of  this  tissue,  which  are  especially 
large  in  submerged  parts  of  aquatic  plants,  are  of  great  im- 
portance in  connexion  with  transpiration  and  the  distribution  of 
gases  in  the  plant :  they  communicate  with  the  exterior  by  means 
of  the  stomata  and  the  lenticels. 

c.  The  Sclerenchymatous  Tissue  (see  p.  132),  more  especially  the 
prosenchymatous  or  fibrous  form  of  it,  has  the  purely  mechanical 
function  of  giving  firmness  to  the  members  in  which  it  is  present. 
Whilst  it  is  true  that  a  considerable  degi-ee  of  rigidity  is  afforded 
by  turgid  parenchymatous  tissue,  and  that  many  members  con- 
taining little  or  no  sclerenchymatous  tissue  can  grow  ei'ect  (e.g, 
gonidiophores  of  moulds,  and  succulent  stems  of  herbaceous 
annuals),  yet  this  source  of  rigidity  is  precarious,  as  it  is  so  largely 
dependent  upon  external  conditions^  and  is  therefore  insufficient 
in  the  case  of  perennial  plants.  In  these  plants  rigid  tissue 
(stereom ;  see  p.  133)  is  developed,  and  it  is  distributed  in  the 
body  in  just  such  a  manner  as  most  adequately  meets  the 
mechanical  requirements  in  each  particular  case  (p.  170).    Stereom 
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is  most  perfectly  developed  in  the  stems  of  land-plants  which 
grow  erect  and  have  to  support  the  weight  of  many  leaves  and 
branches :  whereas  in  water-plants  the  development  of  stereom 
is  rudimentary,  for  their  stems,  being  supported  by  the  water,  do 
not  need  to  be  highly  rigid. 

When  it  is  developed  in  the  walls  of  fruits  or  in  the  seed- 
coats,  the  sclei'enchymatous  tissue  serves  to  protect  the  seed  from 
being  eaten  or  digested  by  animals. 

d.  The  Tracheal  Tissue  of  the  Xylem  (see  p.  133).  It  is  clear 
that  when  a  plant-body  is  massive,  partly  subterranean  and  partly 
subaerial,  there  must  be  some  means  for  readily  distributing  the 
water  and  other  substances  absorbed  by  the  root.  This  dis- 
tribution may  take  place  by  diffusion  from  cell  to  cell ;  and,  as  a 
matter  of  fact,  this  mode  of  distribution  suffices  in  some  plants  in 
which  the  seat  of  absorption  is  not  far  fropi  that  of  consumption 
(e.g,  larger  Fungi  and  Algae).  But  when  these  points  are  widely 
separated,  special  conducting-tissue,  in  the  form  of  the  tracheal 
tissue  of  the  xylem,  is  differentiated. 

The  function  of  this  tracheal  tissue  is  demonstrated  by  the 
following  experiment.  If  a  cut  be  made  all  round  the  stem  of  a 
dicotyledonous  tree,  to  such  a  depth  as  to  penetrate  far  into  the 
xylem,  the  effect  is  that  the  leaves  borne  on  the  stem  and  its 
branches  above  the  incision  will  soon  droop  and  wither.  This  is 
due  to  loss  of  water,  in  consequence  of  which  the  cells  of  the 
leaves  lose  their  turgidity,  and  the  leaf-blades  and  petioles  are  no 
longer  sufficiently  rigid  to  maintain  their  position  of  expansion. 
The  loss  of  water  is  .the  result  of  the  continuance  of  transpiration 
in  the  absence  of  a  supply  of  water  to  meet  it.  The  incision 
which  has  destroyed  the  continuity  of  the  wood  has  also  cut  off 
the  supply  of  water  from  the  root.  The  relation  between  the 
development  of  the  xylem  and  the  activity  of  transpiration  is  well 
illustrated  by  the  comparison  of  the  vascular  bundles  of  a  land- 
plant  with  those  of  an  allied  submerged  aquatic  species.  The 
former  transpires  actively  and  has  well-developed  xylem  :  the 
latter  does  not  transpire  at  all,  and  has  quite  rudimentary  xylem. 

Conduction  takes  place  in  dicotyledonous  tree-trunks  only 
through  so  much  of  the  peripheral  portion  of  the  wood  as  includes 
living  parenchymatous  cells.  The  thickness  of  this  conducting 
region  varies  widely;  it  is  relatively  small  where  the  wood  is 
sharply  differentiated  into  alburnum  and  duramen  (see  p.  199), 
and   in  such    trees  (e.g.  Oak)    section   of  the  alburnum  is  soon 
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followed  by  the  withering  of  the  leaves  above  the  wound ;  it  is 
more  considerable  in  trees  like  the  Beech,  in  which  the  transition 
from  alburnum  to  duramen  is  gradual ;  and  it  is  most  extensive  in 
those,  such  as  Birch  and  Maple,  in  which  there  is  no  differentiation 
of  alburnum  and  duramen.  The  dead  portion  of  the  wood  does 
not  conduct,  but  at  most  only  serves  as  a  reservoir  of  water. 

The  tracheal  tissue  of  the  xylem  discharges  a  purely  mechanical 
function  in  connexion  with  the  conduction  of  water ;  it  is  in- 
capable of  any  vital  action  inasmuch  as  it  contains  no  protoplasm. 

A  fundamental  anatomical  fact  connected  with  the  conduction 
of  liquids  by  the  wood  is  that  the  fa  notional  tracheal  tissue  is 
destitute  of  intercellular  spaces,  and  is,  in  fact,  shut  off  from  all 
communication  with  the  external  air.  This  occlusion  is  ensured, 
generally  speaking,  by  the  endodermis  (p.  165);  but  in  stems 
and  roots  which  have  grown  in  thickness,  and  in  which  the 
endodermis  has  been  disorganised  or  thrown  off,  the  compact 
bast-tissue  replaces  it  functionally. 

The  liquid  conducted  from  the  roots  to  the  leaves  by  the 
tracheal  tissue  is  not  pure  water,  but  holds  in  solution  substances 
absorbed  by  the  roots  from  the  soil ;  hence  this  tissue  plays  an 
important  part  in  the  distiibution  of  food-materials  in  the  plant. 

e.  The  Sieve-Tissue  (see  p.  135).  The  function  of  the  sieve- 
tubes  or  phloem- vessels  is  to  convey  proteids  from  the  organs  in 
which  these  substances  are  deposited  or  are  being  formed,  to  other 
parts  in  which  they  are  either  being  consumed  or  deposited  as 
reserve  plastic  matenal.  This  is  demonstrated  by  the  following 
experiment : — If  a  ring  of  tissue,  extending  inwards  as  far  as  the 
cambium,  be  removed  from  the  trunk  of  a  young  dicotyledonous 
tree,  the  sieve-tubes  will  all  be  cut  through,  and  their  continuity 
interrupted.  The  effect  of  this  upon  the  tree  is  that  the  portion 
of  the  trunk  below  the  wound,  and  the  roots,  cease  to  grow  and 
slowly  die,  whereas  the  trunk  and  branches  above  the  wound 
remain  healthy  and  continue  to  grow  until  the  roots  are  no  longer 
able  to  absorb  water,  etc.,  from  the  soil  with  sufficient  activity. 
Inasmuch  as  the  cortical  tissue,  through  which  the  sugar  travels, 
is  necessarily  also  cut  through,  the  operation  deprives  the  lower 
parts  of  the  body  of  the  whole  of  their  supply  of  organic  plastic 
material  from  the  leaves,  but  does  not  interfere  with  the  conduc- 
tion of  water  from  the  roots  to  the  leaves. 

The  sieve-tubes  differ  from  the  vessels  of  the  xylem  in  that 
they  contain    living    protoplasm ;    their   function    is    therefore 
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pi'obably  not  purely  mechanical,  bat  it  is  vital,  though  the 
relation  of  the  protoplasm  to  the  conduction  of  proteids  in  the 
sieve- tubes  is  not  clear. 

The  companion-cells,  and  in  their  absence  the  cells  of  the  bast- 
parenchyma  (p.  180),  which  abut  on  the  sieve- tubes,  appai'ently 
serve  in  the  leaves  as  the  means  by  which  the  nitrogenous 
products  of  anabolism  are  brought  to  the  sieve-tubes,  and  in  other 
parts  as  the  means  by  which  the  proteids  of  the  sieve-tubes  are 
distributed  to  the  adjacent  tissues;  there  is  some  evidence  to 
show  that  these  cells  themselves  actually  carry  on  the  formation 
of  the  proteids  which  form  the  characteristic  contents  of  the  sieve- 
tubes. 

In  certain  oases  (e.g.  Mimosa  pudica)  some  of  the  parenchymatous  cells  of  the 
bast  are  specially  modified  apparently  for  the  condoctioo  of  stimuli. 

/.  The  Glandular  Tissue,  The  essential  function  of  the  glandular 
tissue  is  to  secrete,  and  the  secreta  are  either  plastic  substances 
or  waste- products. 

It  may  be  stated  generally  that  the  excretion  of  plastic  sub- 
stances on  the  surface  of  plants  has  special  reference  to  their 
relation  with  insects.  Thus,  the  excretion  of  sugar  by  floral 
nectaries  is  to  attract  insects  to  visit  the  flowers,  and  thus  to 
ensure  the  advantages  of  cross- pollination  at  a  certain,  though 
relatively  inconsiderable,  cost.  The  excretion  of  sugar  by  extra- 
floral  nectaries  (p.  138)  is  an  expense  incurred  by  the  plant  with 
the  object  of  attracting  to  it  insects  of  a  kind  which  will  keep 
off  noxious  insects  or  other  animals ;  these  organs  are  especially 
characteristic  of  myrmecophihus  (ant-loving)  plants,  which  by  this 
means  provide  themselves  with  a  police  of  ants  to  keep  off  either 
other  injurious  (e.g.  leaf-cutting)  species  of  ants,  or  insects  of 
other  kinds  (e.g.  boring  bees,  etc.),  or  even  herbivorous  mammals. 
Perhaps  the  most  remarkable  instances  of  this  kind  is  the  pro- 
duction of  small,  solid,  cellular  "  food-bodies  "  on  the  tips  of  the 
leaf-pinnules  of  a  myrmecophilous  species  of  Acacia  (A.  sphoiro- 
cephala). 

The  secretion  of  waste-products  has,  as  its  immediate  object, 
the  removal  of  these  substances  from  the  sphere  of  metabolism  ; 
but  their  deposit  at  or  near  the  surface  serves  the  purpose  of 
protection  in  various  ways.  For  instance,  the  secretion  of  wax  on 
the  surface  is  an  obvious  protection  against  wet.  Similarly  there 
can  be  little  doubt  that  when  the  system  of  resin-ducts,  in  plants 
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which  contain  them  {e.g.  most  Conifers,  etc.),  is  opened  by  a 
wound,  the  resin  serves  to  protect  the  raw  surface  both  mechani- 
^cally  and  antisepticall j ;  and  this  doubtless  also  applies  to  the 
lat^x  present  in  many  plants.  Further,  these  waste- prod  nets,  by 
their  bitter,  acrid,  or  astringent  taste,  by  their  frequently  poisonous 
properties  {e.g.  alkaloids),  or  by  their  hardness,  serve  to  protect 
the  plants  from  being  eaten  by  animals ;  for  instance,  the  pre- 
sence of  raphides,  or  of  strongly  acid  sap,  in  the  cells  of  leaves, 
etc.,  has  been  proved  to  protect  them  against  the  attacks  of  snails. 
The  secretion  of  mucilage  by  the  glandular  hairs  (colleters)  often 
developed  near  the  growing-points  of  stems  and  leaves,  serves  to 
keep  the  young  tissues  moist. 

The  special  functional  importance  of  the  laticiferous  tissue  is 
not  fully  understood.  There  is  no  doubt  that  it  is,  in  the  first 
place,  a  reservoir  of  waste-products,  since  the  latex  generally 
consists  largely  of  such  substances  {e.g.  caoutchouc,  as  in  Siphonia 
elastica  ;  alkaloids,  as  in  the  opium  of  the  Poppy,  etc.)*  But  the 
latex  has  also  been  found  to  contain  plastic  substances,  such  as 
proteids  and  carbohydrates,  and  in  one  ease  (the  Papaw,  see  p.  627) 
a  proteolytic  ferment,  and  it  has  hence  been  inferred  that  this 
tissue  may  serve  to  conduct  plastic  substances  throughout  the 
plant ;  but  this  inference  has  not  been  satisfactorily  established. 

§  5.  The  Functions  of  the  Mennbers.  It  has  been  pointed 
out  (p.  6)  that,  in  its  highest  development,  the  plant- body  consists 
of  the  following  members  :  root,  stem,  leaf.  These  members  will 
now  be  considered  from  the  physiological  point  of  view. 

a.  The  Root.  The  most  general  of  the  functions  of  the  root  is 
that  it  absorbs  the  solid  food  of  the  plant  in  solution  from  the 
substratum,  whatever  it  may  be,  on  which  the  plant  is  growing ; 
and  that,  at  the  same  time,  it  acts  as  an  organ  of  attachment :  in 
submei*ged  plants  the  latter  is  its  main  use. 

In  some  few  eases  the  plant  is  rootless  (p.  63) :  under  these  oircamstances 
other  members  become  modified  to  perform  the  absorbent  function  of  the  root ; 
in  Salvlnia,  the  aquatic  leaves ;  in  Psilotum,  the  subterranean  shoots.  In  the 
"  carnivorous"  plants  {e.g.  Drosera,  Dlonaea,  Nepenthes),  though  they  possess 
roots,  the  leaves  are  adapted  for  the  absorption  of  organic  food  in  solution. 

In  a  typical  land-plant  the  development  of  the  root-system  is 
such  as  to  ensure  an  adequate  supply  of  food  from  the  soil,  and  a 
supply  of  water  sufficient  to  maintain  the  general  turgidity  of  the 
plant  in  spite  of  continued  loss  of  water  by  transpiration. 

The  root  of  such  a  plant  is  adapted  for  the  performance  of  its 
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functions  both  in  its  structure  and  in  its  properties.  The  most 
striking  structural  adaptation  is  that  the  walls  of  the  superficial 
cells  of  the  younger  parts  are  not  cuticularised,  but  remain  per- 
vious to  water.  Generally  speaking,  the  absorbent  area  of  the 
root  is  increased  by  branching ;  and,  in  many  cases,  also  by  the 
growing-out  of  the  superficial  cells  of  this  region  into  root-hairs 
(see  p.  159).  It  appears  that  the  development  of  root-hairs  is  de- 
termined by  the  difficulty  of  obtaining  water,  on  the  one  hand, 
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Fio.  468.— il  Root-haira  (h)  on  the  primary  root  (tr)  of  a  seedling,  grown  in  water,  of 
Buckwheat  (Polygtmum  Fayopi^rum) ;  ^hjpocotyl;  c  cotyledons.  ^  (after  Sachs)  Ends  of 
root-hairs  showing  their  intimate  connexion  with  particles  of  soil  which  adhere  to  the 
mucilaginoos  external  layer  of  the  cell-walls. 

and  by  the  relative  activity  of  transpiration  on  the  other :  thus 
root-hairs  are  usually  not  developed  by  aquatic  plants,  the  roots  of 
which,  at  least,  are  habitually  immersed  in  water;  nor  by  plants 
in  which  the  transpiring  surface  is  relatively  small  in  proportion 
to  the  root-system  {e.g.  small-leaved  Conifers ;  saprophytes,  such 
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as  Monotropa  and  Neottia).  The  root-hairs  not  only  promote  the 
absorption  of  water,  but  also  the  absorption  of  salts  from  the  soil, 
coming,  as  thej  do,  into  very  intimate  relation  with  the  minute 
particles  of  the  soil.  They  thus  give  the  root  a  firmer  hold  on  the 
soil,  and  render  it  more  serviceable  as  an  organ  of  attachment. 

Roots  are  capable  of  absorbing  certain  substances  in  the  soil 
which  are  insoluble  in  water,  or  even  in  water  holding  carbon 
dioxide  in  solution.  This  is  due  to  the  fact  that  the  absorbent  cells 
(including  root-hairs)  contain  acid  sap,  which  saturates  the  walls, 
and  can  thus  act  upon  substances  with  which  the  cells  may  be  in 
contact. 

The  tegumentary  tissue  of  aerial  roots  is  specially  modified  in 
accordance  with  their  external  conditions.  They  have  no  root- 
hairs  (except  when  they  come  into  contact  with  a  moist  surface), 
but  they  have  a  more  or  less  well-developed  velamen  (see  p.  155)> 
which  serves  as  a  means  of  absorbing  water- vapour  and  gases  from 
the  air.  Sometimes  these  roots  contain  chlorophyll,  and  act  as 
assimilatory  organs  :  this  is  also  the  case  to  a  remarkable  degree 
with  the  roots  of  the  (aquatic)  PodostemacesB  (see  p.  63). 

The  primary  internal  structure  of  the  root  is  remarkably  con- 
stant through  all  the  various  groups  of  plants.  It  is  always  mono- 
stelic  with  the  vai^cular  bundles  compacted  into  an  axial  cylinder 
(p.  171):  between  the  axial  cylinder  and  the  epiblema  is  a  con- 
sideiuble  parenchymatous  cortex,  the  cells  of  which  take  up  from 
the  absorbent  cells  the  water  and  substances  absorbed,  and  transfer 
them  to  the  tracheal  tissue  of  the  bundles  for  conduction  to  the 
upper  parts  of  the  plant. 

The  growing-point  is  usually  provided  with  a  root-cap  (pp.  61, 
154)  to  protect  it  as  it  makes  its  way  through  the  soil. 

In  many  cases  the  root  becomes  adapted  to  serve  as  a  depository 
of  reserve  plastic  materials :  such  are  the  tuberous  roots  (p.  63)  of 
various  plants,  in  which  secondary  growth  in  thickness  (see  p.  105) 
produces  a  large  amount  of  parenchymatous  tissue,  in  the  cells  of 
which  the  plastic  substances  (stai'ch,  etc.)  are  deposited. 

The  pliysiological  adaptation  of  the  root  is  even  more  remark- 
able in  its  properties  than  in  its  structure,  as  is  shown  by  its 
irritability  to  the  action  of  various  stimuli.  Thus  the  action  of 
the  force  of  gravity  causes  roots  (at  least  primary  roots)  to  grow 
towards  the  centre  of  the  earth  {positive  geotropism)  :  the  action  of 
light,  as  a  rule,  causes  the  growing  root  to  curve  away  from  the 
source  of  light  {negative  heliotropism)  :  a  moist  body  causes  the 
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root  to  curve  towards  it  (positive  hydrotropism)  :  contact  with  hard 
sabstauces  prodaces  curvatures  by  which  the  direction  of  growth 
of  the  root  is  altered. 

These  various  kinds  of  irritability  are  of  great  importance  in 
ensuring  the  due  performance  of  its  functions  by  the  subterranean 
root.  Positive  geotropism  causes  it  to  penetrate  into  the  soil,  and 
this  is  also  promoted  by  negative  heliotropism :  positive  hydro- 
tropism causes  it  to  gi'ow  towards  the  moister  parts  of  the  soil, 
and  thus  tends  to  ensure  an  adequate  supply  of  water.  Its  sen- 
sitiveness to  contact  enables  the  root  to  get  round  obstacles  which 
it  may  meet  with  in  the  soil.  Similar  phenomena  of  irritability 
are  exhibited  by  aerial  roots,  but  with  various  modifications  in 
accordance  with  the  widely  different  conditions. 

6.  The  Stem.  The  function  of  the  stem  is  essentially  this  :  to 
bear  the  foliage- leaves  and  the  reproductive  organs,  and  to  bear 
them  in  such  a  way  that  they  shall  occupy  the  most  favourable  posi- 
tion for  the  performance  of  their  I'espective  f auctions.  Further,  it 
is  the  means  of  communication  between  the  roots  and  the  leaves. 
Occasionally  it  is  specially  modified  to  subserve  other  functions. 

It  has  been  already  pointed  out  that  the  form  of  the  stem  varies 
widely  in  plants,  and  the  most  chai-acteristic  forms  have  been 
desci-ibed  (pp.  40,  44).  The  general  physiological  meaning  of  this 
variety  of  form  is  that  different  plants  attain  the  most  favourable 
position  of  their  foliage-leaves  and  reproductive  organs  in  differ- 
ent ways  which  depend  upon  the  particular  combination  of  ex- 
ternal conditions  under  which  they  severally  have  existed. 

The  internal  structure  of  the  stem  varies  to  some  extent  with 
its  general  habit,  and  mainly  in  the  ai-rangement  and  relative 
degree  of  development  of  the  sclerenchyma ;  thus,  the  scleren- 
chyma  is  more  largely  developed  in  an  erect  than  in  a  trailing 
perennial  stem. 

The  arrangement  of  the  vascular  tissue,  however,  depends 
essentially,  at  least  in  all  those  plants  which  have  common 
bundles,  upon  the  arrangement  of  the  leaves.  In  stems  haviug 
cauline  bundles  (p.  171)  there  is  a  moi*e  or  less  marked  aggi^ega- 
tion  of  the  bundles  towards  the  centre,  so  as  to  lead  to  the 
formation  of  an  axial  vascular  cylinder,  as  in  roots ;  this  is  espe- 
cially marked  in  stems  bearing  small  leaves,  as  in  Lycopodinm. 

There  is  one  point  in  connexion  with  the  relation  of  the  vascu- 
lar tissue  to  the  leaves  which  requires  more  special  consideration. 
It  has  been  pointed  out  (p.  191)  that  vascular  tissue  is  formed 
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secondarily  in  the  stems  (and  roots)  of  most  Dicotyledons  and 
Gymnosperms,  whereas  it  is  not  so  formed  in  those  of  most  Mono- 
cotyledons and  Vascular  Cryptoj^fams.  A  consideration  of  the 
general  habit  of  the  plants  in  question  at  once  affords  a  clue  to 
this  remarkable  diversity.  In  the  plants  of  the  former  groups, 
the  stem,  as  a  rule,  branches  considerably,  and  consequently  there 
is  every  year  an  increase  in  the  area  of  the  leaf-surface  of  the 
plant ;  whereas  in  the  plants  of  the  latter  groups,  the  stem 
branches  but  little  if  at  all,  and  the  area  of  leaf-surface  remains 
approximately  constant  in  the  adult  plant.  It  is  clear  that,  in 
the  former  case,  the  increase  of  leaf -surface  necessitates  an  increase 
in  the  conducting,  vascular  tissue,  a  demand  which  is  met  by  the 
annual  formation  of  an  ever-widening  ring  of  vascular  tissue 
by  the  cambium.  Hence,  in  a  plant  of  this  kind,  the  vascular 
bundles  in  the  leaves  of  any  one  year  are  continuous,  in  the  stem, 
with  the  new  vascular  tissue  formed  in  that  year  by  the  cambium. 

Stems  may  be  specially  modified  both  in  external  form  and 
internal  structure  for  the  performance  of  special  functions.  Thus 
in  leafless  plants  the  stem  or  its  branches  may  become  phylloid  ; 
that  is,  it  may  assume  a  flattened,  leaf -like  appearance  (p.  44). 
The  cortical  ground-tissue  of  the  stems  of  such  plants  resembles 
the  mesophyll  of  foliage- leaves,  not  only  in  that  the  cells  contain 
chlorophyll-corpuscles  in  abundance,  but  also  in  the  more  or  less 
complete  differentiation  of  a  superficial  palisade-layer  from  a 
more  deeply  placed  spongy  tissue.  The  reduction  of  the  foliage- 
leaves  and  the  compensating  development  of  the  stem  is  a  charac- 
teristic of  many  xerophilous  plants:  under  these  circumstances 
the  stem  generally  becomes  succulent  (as  in  Cactaceae,  p.  628,  and 
some  Euphorbiacese)  owing  to  the  development  of  a  large  amount 
of  parenchymatous  tissue. 

Again,  stems  may  be  specially  modified  to  serve  as  depositories 
of  reserve  materials  (e  y,  tubers  of  potato),  or  of  water  (e.g.  stems 
of  Cactacece),  when  they  are  much  thickened  by  the  development 
of  a  large  quantity  of  parenchymatous  ground- tissue,  in  the  cells 
of  which  the  water  or  the  reserve-materials  are  deposited.  Or 
they  may  be  developed  into  thorns  (p.  44)  as  a  protection  against 
being  eaten. 

The  special  physiological  properties  of  stems  by  which  they 
assist  in  placing  the  foliage-leaves  and  reproductive,  organs  in  the 
most  favourable  position,  are  their  various  kinds  of  irritability  to 
the  action  of  external  stimuli. 
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The  physiological  adaptation  of  stems  is  such  that  the  move- 
ments which  they  perform  in  response  to  the  action  of  external 
stimuli  are  always  such  as  shall  place  the  foliage-leaves  and  the 
reproductive  organs  in  the  most  favourable  position.  Some  stems, 
for  instance,  grow  away  from  the  centre  of  the  earth  (negative 
g^otropism)  and  towards  the  light  (positive  heliotropism) ;  these 
stems  consequently  grow  up  into  the  air,  and  take  up  such  a 
position  with  regard  to  the  direction  of  the  incident  rays  of  light 
that  the  leaves  may  be  adequately  exposed  to  them.  Others, 
again,  grow  horizontally  under  the  influence  of  gravity  (diageo- 
tropism)  and  of  light  (diaheliotropism),  and  in  this  way  spread 
out  their  leaves  to  the  sun's  rays. 

In  some  cases  stems  which  tend  to  grow  erect  into  the  air  are 
unable  to  do  so  in  consequence  of  being  insufficiently  rigid  to 
maintain  their  own  weight,  and  that  of  their  leaves,  etc.  Such 
stems  are  enabled  to  obtain  the  necessary  support  by  becoming 
attached  to  foreign  bodies,  such  as  other  plants,  rocks,  etc.  This 
attachment  is  sometimes  purely  accidental,  as  in  the  case  of  the 
hook^climhtrs^  such  as  the  Bramble,  where  the  stem  is  covered  with 
prickles  which  become  fixed  as  the  swaying  shoot  is  blown  about 
by  the  wind.  But  in  other  cases  the  attachment  is  the  result  of 
the  mode  of  growth  of  the  stem  or  its  branches,  in  virtue  of  which 
they  twine  round  any  suitable  foreign  body  with  which  they  may 
come  in  contact.  In  some  cases  the  stem  and  its  branches  are 
sensitive  to  contact,  e.g.  Dodder ;  in  others,  this  sensitiveness  is 
restricted  to  certain  specially  modified  branches,  termed  tendrils 
(see  p.  43,  e.g,  Vitis,  Passiflora),  and  it  is  possessed  by  them  in  a 
very  high  degree. 

c.  The  Leaf.  In  the  discussion  of  the  morphology  of  the  leaf  it 
was  pointed  out  that  the  forms  of  leaves  are  Terj  various;  so 
much  so  that  it  was  necessary  to  classify  them  into  a  number  of 
categories.  Each  of  these  will  now  be  briefly  considered  with 
regard  to  its  functions. 

(1).  Foliage-leaoes.  It  may  be  stated  generally  with  reference 
to  land-plants,  that  the  two  great  functions  subserved  by  the  leaf 
are,  first,  the  ooastrBction  of  organic  substance  from  the  raw 
m^tenals  of  the  food;  and  second,  the  exhalation  of  watery  vapour, 
or  tntnftpiration. 

The  internal  structure  of  the  leaf  is  in  direct  relation  to  these 
two  functions  (see  p.  162).  The  particular  significance  of  the 
form  and  arrangement  of  the  cells  of  the  mesophyll  is  made  clear 
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by  the  following  considerations.  The  palisade-layers  occnr 
always,  beneath  the  epidermis,  at  those  surfaces  which  are  directly 
exposed  to  the  sun's  rays.  Farther,  if  a  plant  which,  when  grown 
exposed  to  sunlight,  has  well-marked  palisade- layers  in  its  leaves, 
be  grown  in  the  shade,  it  will  be  found  that  the  palisade- layers 
are  imperfectly  differentiated,  even  if  they  can  be  detected  at  all. 
The  development  of  the  palisade-layers  is  clearly  a  peculiarity  of 
leaves  which  are  exposed  to  sunlight.  One  explanation  is  this, 
that  bright  light  not  only  promotes  the  assimilatory  function,  but 
also  promotes  the  oxidation  and  decomposition  of  the  chlorophyll. 
The  palisade-tissue  affords  a  means  of  protection  from  the  latter 
effect.  When  a  leaf-surface  is  exposed  to  diffuse  daylight,  the 
position  of  the  chlorophyll-corpuscles  in  the  palisade|Cells  is  such 
as  to  expose  them  as  fully  as  possible  to  the  light ;  they  are  dis- 
posed on  the  surface-walls,  both  upper  and  lower,  of  the  palisade- 
cells  (ephtrophe).     When,   however,  diffuse  daylight  is   replaced 

by  direct  sunlight,  the 
position  of  the  corpuscles 
is  changed  (see  Fig.  469) 
so  that  their  margin,  and 
not  their  surface,  is  pre- 
sented to  the  sun*s  rays  ; 
they  are  removed  to  the 
lateral  walls  and  towards 
the  inner  end  of  the  cell 
(apostrophe).  It  is  clear 
that  the  elongated  form 
of  the  cells  facilitates 
this  withdrawal  of  the 
corpuscles  from  too  in- 
tense light,  to  light  of  a 
degree  of  intensity  which 
promotes  the  assimilatory  function  to  the  utmost  extent  compatible 
with  a  due  economy  of  the  chlorophyll. 

The  spongy  portion  of  the  mesophyll  is  the  tissue  especially 
adapted  to  the  transpiratory  function.  By  means  of  the  large 
intercellular  spaces  which  form  a  system  of  channels  throughout 
this  tissue  communicating  with  the  external  air  by  means  of  the 
stomata,  a  very  large  cell-surface,  from  which  transpiration  can 
readily  take  place,  is  brought  into  direct  relation  with  the  external 
air.     Transpiration  takes    place   from   the  cells   of    the  spongy 


Fio.  469.— (After  Stahl).  Sections  of  the  phylloi<l 
stem  of  Lemna  trUulca,  illustrating  epistrophe  and 
apostrophe  of  the  chloroplastids :  A  position  in  dif- 
fuse daylight  (epistrophe);  B  position  in  intense 
sunlight  (apostrophe). 
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mesophyll  into  the  intercellalar  spacea,  and  the  watery  vapour 
then  escapes  from  the  leaf  by  the  stomata. 

A  brief  consideration  of  the  peculiarities  of  the  leaves  of  aquatic  plants  will 
farther  establish  these  points.  The  characteristic  feature  of  submerged  leaves 
is  that  they  are  very  much  divided,  and  consequently  present  a  relatively 
large  surface  by  which  they  can  absorb  carbon  dioxide  and  oxygen,  as  well  as 
^ts,  from  the  water.  The  mesophyll  of  these  leaves  is  not  differentiated 
into  palisade-tissue  or  spongy  tissue ;  for,  in  the  first  place,  the  light  to  which 
these  leaver  are  exposed  is  not  intense,  and,  in  the  second,  they  do  not  tran- 
spire. A  peculiar  feature  of  these  leaves  is  that  the  chlorophyll-corpuscles 
are  contained  principally  in  the  epidermal  cells.  Floating  leaves,  on  the  other 
hand,  usually  have  broad  oval  or  rounded  laminae,  a  form  which  is  evidently 
favourable  to  the  retention  of  their  position  on  the  surface  of  the  water.  The 
epidermis  of  the  upper  scgrface  is  well-developed  and  possesses  stomata  ;  whereas 
the  walls  of  the  epidermal  cells  of  the  lower  surface  are  thin  and  uncuti- 
cularised,  so  that  they  can  absorb  water  and  substances  in  solution,  and  there 
are  no  stomata.  The  mesophyll  is  differentiated  into  palisade  and  spongy 
tissue.  The  palisade-layers  are  arranged  in  the  characteristic  fashion  towards 
the  upper  surface  of  the  leaf ;  and  commonly  there  lies  between  the  superior 
epidermis  and  the  palisade-tissue,  a  layer  of  aqueous  tissue  which  serves  to 
protect  the  chlorophyll  of  the  latter  from  exposure  to  too  intense  light. 
Towards  the  lower  surface,  the  mesophyllis  channelled  by  Urge  intercellular 
spaces,  the  use  of  which  is  to  facilitate  the  aeration  of  the  plant. 

The  foregoing  consideration  of  the  anatomy  of  these  three  types 
of  foliage- leaves  leads  to  the  conclnsion  that  the  spongy  tissue 
of  the  mesophyll  is  that  in  which  both  the  assimilatory  and  the 
transpiratory  pi*oce8ses  can  be  most  satisfactorily  carried  on ;  that, 
in  fact,  the  amount  of  spongy  mesophyll  in  a  leaf  may  be  taken  as 
an  indication  of  the  degree  of  its  physiological  activity.  Clearly 
the  close  arrangement  of  the  cells  in  the  palisade-tissue  is  not  so 
favourable  for  the  absorption  of  carbon  dioxide  or  for  the  exha- 
lation of  watery  vapour,  as  is  the  loose  arrangement  of  the  cells  in 
the  spongy  tissue.  The  palisade-tissue  is  transpiratory  and  assi- 
milatory tissue  so  adapted  for  action  in  intense  light,  that  trans- 
piration is  diminished,  and  protection  is  afforded  not  only  to  the 
chlorophyll  in  its  own  cells,  but  also  to  that  in  the  cells  of  the 
tissue  which  it  covers. 

In  many  xerophilous  plants,  move  or  less  of  the  mesophyll 
may  be  destitute  of  chlorophyll,  the  cells  containing  much 
watery  sap  (see  p.  164),  so  that  the  leaf  serves  as  a  reservoir  of 
water. 

Leaves  are  adapted  not  only  structurally,  but  also  by  their 
irritabilities,  to  the  performances  of  their  functions.      They  are 
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sensitive  to  the  directive  action  of  light  and  of  gravity  and,  in 
the  course  of  their  growth  they  take  np  a  definite  position 
termed,  on  account  of  the  predominating  influence  of  light  in 
determining  it,  the  fixed  light-position.  The  response  of  the  dor- 
siventral  leaf  to  the  directive  action  of  gravity,  is  generally  one 
of  diageotropism,  that  is  it  places  its  blade  horizontal,  with  the 
ventral  surface  uppermost;  and  similarly,  its  response  to  light  is 
to  expose  the  upper  surface  of  its  blade  at  right  angles  to  the 
direction  of  the  incident  rays  (diaheHotropism),  The  response  of 
the  isobilateral  and  of  the  radial  leaf  to  the  action  of  gravity  is  one 


Fig.  470  (after  Darwin).— Shoots  of  Desmodium  gyrans,  with  trifoliolate  leaves :  A  leaves 
in  diurnal  position ;  B  in  nocturnal  position. 

of  negative  geotropism,  so  that  they  grow  erect ;  and  to  light,  one 
of  positive  heliotropism,  as  they  tend  to  direct  their  apices  towards 
the  source  of  light. 

Changes  in  the  external  conditions  act  as  stimuli,  which,  in  many 
cases,  induce  a  movement  of  the  foliage-l eaves  involving  change 
of  position :  most  frequently  these  movements  are  performed 
by  growing  leaves,  but  also  sometimes  by  adult  leaves  with  a 
permanent  motile  mechanism.  They  have  been  observed  in  the 
growing  leaves  (and  cotyledons)   of  many   plants    (e.^.    Cheno- 
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podium,  Irapatiens,  Poljgonam,  Linum,  etc.),  and  in  the  adult 
leaves  of  many  Oxalidacese  and  Leguminoses.  The  common 
feature  of  these  movements  is  that  they  serve  to  vary  the  area  of 
surface  presented  to  the  sky-  by  the  leaf.  They  are  commonly 
known  as  "  sleep-movements,"  or  nyctitropic  movements,  because 
they  are  usually  associated  with  the  alternation  of  day  and  night. 
With  a  falling  temperature  and  a  diminishing  intensity  of  light 
the  leaves  assume  the  "night-position,*'  presenting  a  diminished  sur- 
face, generally  only  the  edge,  to  the  zenith,  the  leaflets  of  compound 
leaves  at  the  same  time  approaching  each  other,  with  the  result  that 
they  are  protected  from  injury  by  cold  in  consequence  of  excessive 
radiation  of  heat  :  with  a  rising  temperature  and  an  increasing 
intensity  of  light,  the  leaves  assume  the  "  day-position,"  presenting 
their  upper  surfaces  to  the 
zenith.  But  the  day-posi- 
tion is  frequently  liable  to 
modification,  with  a  view  to 
the  reduction  of  transpira- 
tion and  to  the  protection  of 
the  chlorophyll  from  the  ac- 
tion of  too  intense  light,  by 
movements  which  diminish 
the  leaf-area  exposed  to  the  p^^  47l.-Leaf  of  Oxalls  by  day  (D  and  by 
dil*ect  rays  of  the  sun  ; —  nigbt  (^.  in  the  latter,  each  leaaet  is  folded 
,  .  . ,  inwards  at  right  angles  along  ite  midrib,  and  is 

and  80,  in  some  cases,  the     ^^^^,^^^^, 

edge,    and   not    the    upper 

surface,  is  presented  to  the  sun  :  these  movements  are  designated 

"  diurnal  sleep  *'  or  paraheliotropism. 

Some  foliage-leaves,  but  only  such  as  have  a  special  motile 
mechanism,  respond  by  movement  to  the  stimulus  of  a  touch.  This 
is  the  case  in  the  "  sensitive  plants,"  such  as  Mimosa  pudica  and 
other  species,  Biophytum  {Oxalis)  sensitivum,  ^schynomene  indica, 
Neptunia  oleracea  :  the  leaflets  of  the  pinnate  leaves  of  these 
plants  close  together  when  touched,  or  when  the  plant  is  shaken, 
and  they  are  thus  protected  to  some  extent  from  injury  by  hail, 
rain,  or  even  wind.  Other  instances  of  movement  in  response 
to  touch  are  afforded  by  the  "  carnivorous "  genera,  DionsBa  and 
Aldrovanda,  in  which,  when  an  insect  alights  on  the  upper  surface 
of  the  expanded  leaf  and  touches  the  sensitive  hairs,  the  two 
lateral  halves  of  the  blade  suddenly  close  together,  like  a  hinge, 
with  the  midrib  as  the  axis. 
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Sensitiveness  to  long-continued  contact    is  manifested  by  the 
petioles  of  various  plants  {e,g,  Trop»olum,  Clematis) ;  sometimes 


A  B 

Fig.  472  (after  Dachartre). —Leaves  of  Mimota  pudica:  A  normal  diurnal  poslCian; 
JB  position  aasamed  on  stimulation. 

by  the  whole  phyllopodium  (Lygodium)  ;   in  many  cases  leaves 
possessing  this  sensitiveness  are  modified  into  leaf-tendrils  (see  p. 

58  ;  as  in  Cucurbitaceee,  etc.)  ; 
leaves  of  this  kind  serve  as 
organs  of  attachment  for  climb- 
ing. 

Foliage-leaves  are  sometimes 
modified  into  pitchers  or  ascidia 
(p.  67) :  these  serve  the  purpose 
in  some  cases  {e,g.  Nepenthes) 
of  capturing  insects  and  of 
digesting  and  absorbing  them  : 
in  other  cases  (e.g.  Dischidia) 
they  collect  water  and  organic 
detritus;  in  Dischidia  adven* 
titious  roots  are  developed, 
which  lie  in  the  pitchers  and 
absorb    water,    together    with 

Pig.  473  (after  Darwin).-Petiole  ©f  Solatium       dissolved       SubstsnceS,       there- 
jatminoideB  clasping  a  stick.  from 

Leaf-spines  appear   to  be  exclusively    protective   against  the 
attacks  of  herbivorous  animals. 


Digitized  by 


Google 


CHAPTER  I. — GENERAL  PHYSIOLOGY.  691 

(2).  Gataphyllary  or  Scaly  Leaves  (p.  58)  serve  to  protect 
growing-points  and  yoang  leaves  of  bads,  and  in  this  they  are 
assisted  by  the  secreting-hairs  (colleters,  p.  144)  -which  they 
frequently  bear :  they  sometimes  serve  as  depositories  of  reserve 
plastic  materials  {e,g,  scales  of  Onion-bulb). 

(3).     Floral  Leaves, 

a.  Hypsophyllary  Leaves,  The  leaves  included  under  this 
head  are  the  bracts  (and  bracteoles)  and  the  perianth. leaves 
(p.  59). 

When  green,  the  bracts  perform  the  ordinary  functions  of 
foliage-leaves :  but  when  they  are  collect-ed  around  a  flower 
(epicalyx)  or  an  inflorescence  (e.g.  involucre  of  Compositee, 
Euphorbia,  etc.)  they  serve  to  protect  the  floral  organs  during 
their  development.  When  highly-coloured  (eg,  in  Aracese, 
Euphorbiaceae,  NyctaginacesB),  they  serve  to  attract  insects  to 
visit  the  otherwise  inconspicuous  flowers. 

The  sepals,  like  the  bi*acts,  are  commonly  green,  and  then  they 
perform  the  ordinary  functions  of  foliage-leaves,  and  also  serve 
to  protect  the  other  floral  organs:  when  petaloid  (e.g,  many 
RannnculacesB  and  Liliales),  they  attract  insects  for  the  purpose  of 
cross-pollination. 

The  petals  are  brightly-coloured  in  most  flowers,  and  it  is  their 
special  function  to  attract  insects.  Not  uncommonly  they  are 
specially  modified  as  nectaries  {e.g.  Helleborus),  and  thus  further 
contribute  to  ensure  the  visits  of  insects. 

The  perianth-leaves  (and  sometimes  also  the  bracts),  are  often 
capable  of  performing  movements  leading  to  the  opening  and 
closing  of  the  flower  or  inflorescence  :  thus  the  flowers  of  the 
Crocus,  Tulip,  and  Poppy,  and  the  inflorescence  of  the  Daisy,  open 
under  the  influence  of  rising  temperature  and  increasing  intensity 
of  light,  closing  under  the  contrary  conditions :  the  closing  is  a 
protection  of  the  essential  floral  organs  against  cold  and  wet ;  it 
is  essentially  similar  to  the  nyctitropic  movements  of  foliage- 
leaves  (see  p.  689). 

h,-  Sporophyllary  Leaves.  As  already  stated  (p.  77)  the  sporo- 
phylls  are  the  essential  organs  of  the  flower,  when  they  are 
aggregated  on  a  special  shoot,  and  have,  in  any  case,  the  function 
of  asexually  producing  the  spores.  They  are  more  or  less  generally 
modified  in  form  and  structure  in  connexion  with  this  function ; 
and  in  the  many  different  forms  of  flowers  these  leaves  present 
remarkable  special  adaptations  which  mainly  refer  to  the  process 
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of  pollination  (see  p.  452),  to  the  distribution  of  the  seed,  etc. 
It  is  impossible  to  enter  npon  a  further  consideration  of  the 
biology  of  the  flower,  but  the  phenomena  of  movement  presented 
by  the  essential  floral  organs  deserve  special  mention. 

A  remarkable  case  of  spontaneous  movement  is  that  of  the 
gynostemium  of  Stylidium  (Gandollea)  adnatum,  the  object  of 
which  is  the  scattering  of  the  pollen,  and  it  accordingly  begins 
when  the  anthers  are  about  to  dehisce :  the  gynostemium  bends 
over  till  it  touches  a  gland  on  the  anterior  petal,  and  to  this  it 
adheres  until  it  straightens  and  frees  itself  from  the  sticky  gland 
with  a  jerk  which  scatters  the  pollen ;  the  movement  is  then 
repeated. 

Induced  movements  are  more  common.  Thus  the  two  lobes  of 
the  stigma  (e,g.  Mimulus,  Bignonia,  Martynia),  close  together  on 
being  touched :  the  movement  doubtless  ensures  the  adhesion  of 
the  pollen  brought  by  an  insect.  The  stamens  are  irritable  in 
many  plants.  For  instance,  in  Berberis,  when  an  insect  touches 
the  irritable  base  of  one  of  the  nearly  horizontal  stamens,  the 
stamen  rises  up  on  its  point  of  attachment  as  on  a  hinge,  and 
strikes  the  insect  with  the  anther,  thus  dusting  it  with  pollen. 
Again,  the  syngenesious  stamens  of  Centaurea  (p.  664)  shorten 
on  stimulation  by  touch :  the  flower  is  protandrous ;  consequently, 
as  the  filament-s  contract,  the  pollen  shed  by  the  coherent  anthers 
is  pushed  out  of  the  open  end  of  the  anther- tube  by  the  style 
within,  and  is  removed  by  the  insect. 


CHAPTER  II. 
SPECIAL  PHYSIOLOGY  OF  THE  NUTRITIVE  FUNCTIONS. 

§  6.  Absorption.  The  food  of  plants  is  absorbed,  generally 
speaking,  either  from  the  soil  or  from  the  air. 

Plants  which  do  not  possess  chloi*ophyll  (e.g.  Fungi)  usually 
obtain  the  whole  of  their  food  from  the  soil ;  whereas  plants  which 
do  possess  chlorophyll  absorb  from  the  air  one  of  the  most  im- 
portant constituents  of  their  food,  namely  carbon  dioxide. 

In  exceptional  cases  it  is  obtained  from  other  sources ;  for 
instance,  parasitic  plants  absorb  their  food  from  the  hosts  upon 
which  they  live,  and  the  "  insectivorous  "  plants  absorb  a  portion, 
at  least,  of  their  food,  from  the  insects  which  are  caught  by  their 
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specially  adapted  leaves.  Submerged  aquatic  plants  absorb  tbeir 
food  entirely  or  mainly  from  the  water  in  which  they  live. 

As  ali'eady  mentioned  (p.  668),  the  food  of  plants  is  always 
absorbed  in  the  fluid  form ;  either  as  a  liquid  or  as  a  gas.  The 
liqnid  food,  consisting  of  a  watery  solution  of  various  substances, 
is  absorbed  from  the  soil  most  commonly  by  the  roots,  or,  in  the 
absence  of  roots,  by  other  membera  (shoots,  leaves)  which  have 
become  specially  adapted  for  the  performance  of  this  function ; 
the  gaseous  food  (COg)  is  absorbed  from  the  air  by  the  green 
parts  (shoot)  of  plants,  and,  in  the  more  highly  differentiated 
forms,  more  especially  by  the  leaves. 

Absorption  of  Liquids.  When  an  organ  which  is  adapted  for  the 
absorption  of  liquids  is  performing  its  function,  two  processes  are 
in  operation,  namely,  the  absorption  of  the  water,  and  the  absorp- 
tion of  the  substances  which  the  water  holds  in  solution:  it  is 
important  to  clearly  distinguish  between  these  two  processes,  for 
though  they  are  necessarily  carried  on  simultaneously,  yet  the 
water  and  the  dissolved  substances  are  not  absorbed  in  any  con- 
stant proportion.  The  two  processes,  in  fact,  depend  upon  some- 
what diffei-ent  conditions.  The  cells  of  the  absorbent  organ  take 
up  the  water  in  consequence  of  the  presence  in  solution  in  the 
cell-sap  of  osmotically  active  substances,  such  as  organic  acids  and 
acid  salts,  which  attract  water  into  the  cells.  The  substances 
in  solution  in  the  water  are  absorbed  in  virtue,  first,  of  their 
difFusibility,  that  is  their  power  of  passing  through  membranes, 
and  secondly,  of  the  fact  that  the  cell-sap  in  the  interior  of  the 
absorbing  cells  contains  less  of  the  substances  in  question  than 
does  the  water  outside.  Hence  any  indifPusible  substance  which 
may  be  dissolved  in  the  water  will  not  be  absorbed  by  the  cells, 
neither  will  any  substance  of  which  there  is  already  an  equivalent 
quantity  in  solution  in  the  sap  of  the  cells,  although  the  absorp- 
tion of  water  may  be  actively  taking  place.  These  facts  find 
their  general  expression  in  the  following  statement  which  is 
known  as  the  Law  of  Absorption:  for  the  watery  solution  of  any 
substance  capable  of  being  absorbed,  there  is  a  certain  degree  of 
concentration  at  which  the  pix>portion  of  the  amount  of  the  sub- 
stance absorbed  to  that  of  the  water  absorbed  is  the  same  as  that 
of  the  solution ;  if  the  solution  be  moi-e  concentrated,  the  pro- 
portion of  water  absorbed  will  be  greater,  and  that  of  the  sub- 
stance less ;  if  the  solution  be  moi-e  dilute,  the  pmportion  of  the 
substance  absorbed  will  be  greater,  and  that  of  the  water  less. 
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When,  as  is  usually  the  case,  the  liquid  with  which  the  absorbent 
cells  come  into  relation,  is  a  solution  of  a  number  of  different  sub- 
stances, thesA  different  substances  are  not  all  absorbed  in  the  same 
proportion.  Supposing  the  absorbing  organ  to  be  equally  poor  in 
all  these  substances.  Then,  in  the  first  instance,  the  substances 
would  be  absorbed  in  proportion  to  their  difFusibility,  the  most 
diffusible  being  absorbed  the  most  rapidly.  Subsequently,  how- 
ever, the  relative  amount  of  substances  absorbed  would  be  de- 
termined by  the  extent  to  which,  after  absorption,  they  severally 
were  chemically  altered  in  the  metabolism  of  the  plant.  For  when 
a  substance  is  chemically  altered  in  the  plant,  it  ceases  to  exist, 
as  such,  in  the  sap  of  the  cells;  hence,  when  a  subst-ance  is 
constantly  being  decomposed  in  the  plant,  it  can  be  also  con- 
tantly  absorbed.  When,  on  the  other  hand,  an  absorbed  sub- 
stance does  not  undergo  chemical  change  in  the  plant,  it  ac- 
cumulates in  the  sap  of  the  cells,  and  consequently  the  absorp- 
tion of  it  from  without  eventually  ceases. 

This  point  can  be  determined  with  regard,  at  least,  to  the 
mineral  substances  which  a  plant  absorbs,  by  an  analysis  of  the 
ash  which  is  left  behind  on  incinerating  the  plant,  that  is,  on 
burning  away  the  combustible  organic  matter.  The  ash  will  be 
found  to  include  all  the  mineral  elements  present  in  the  soil  or 
water  from  which  absorption  is  taking  place,  in  so  far  as  those 
elements  are  present  in  the  form  of  compounds  which  are  soluble 
and  diffusible.  The  genei*al  constitution  of  the  ash  depends  upon 
the  chemical  nature  of  the  soil,  and  upon  the  physical  pi'opertios 
of  the  substances  which  comprise  it,  as  is  proved  by  the  fact  that 
the  constitution  of  the  ash  of  any  given  plant  varies  with  the  soil 
in  which  it  grows.  But  the  relative  proportion  of  the  various 
chemical  elements  in  the  ash  depends  upon  the  capacity  of  the 
plant  to  chemically  alter  the  various  compounds  which  it  absorbs, 
^as  is  proved  by  the  fact  that  the  constitution  of  the  ash  varies 
widely  in  plants  of  different  kinds  grown  in  the  same  soil ;  it  is 
the  expression  of  the  specific  metabolic  properties  of  the  plant,  or, 
in  other  words,  of  the  S2>ecijic  absorbent  capeicity  of  the  plant.  And 
not  only  has  each  plant  a  specific  absorbent  capacity,  but  this 
varies  at  different  periods  in  its  development,  in  harmony  with 
the  vanation  which  takes  place  in  its  metabolic  processes. 

A  good  illustration  of  the  different  upeoifio  absorbent  capacities  of  plants  is 
afforded  by  a  comparison  of  the  amount  of  silica  in  the  ash  of  different  plants. 
Thus,  an  analysis  of  meadow-hay  and  of  pea-straw,  grown  under  the  same 
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conditionB,  showed  that  the  former  contained  27  per  cent,  of  silica,  and  the 
latter  scarcely  7  per  cent.  This  is  due  to  the  fact  that  the  Grasses  deposit 
considerable  quantities  of  silica  in  their  cell-walls,  whereas  Peas  are  unable  to 
do  this  to  anything  like  the  same  extent. 

It  not  infrequently  happens  that  chemical  elements  are  found  to 
be  present  in  the  ash,  which  are  known  to  be  present  in  the 
soil  in  the  form  of  compounds  which  are  insoluble  in  water. 
These  compounds  are  brought  into  solution  by  various  means. 
For  instance,  the  soil  usually  contains  carbon  dioxide,  which  is 
evolved  from  the  decomposing  animal  or  vegetable  matter  which 
is  commonly  present,  and  from  the  absorbent  organs  themselves  ; 
and  it  is  well  known  that  various  substances,  such  as  calcium  car- 
bonate and  certain  silicates,  which  are  insoluble  in  pure  water, 
are  soluble  in  water  charged  with  carbon  dioxide.  Again,  the  sap 
which  fills  the  vacuoles  and  saturates  the  walls  of  root-hairs,  has 
an  acid  reaction,  due  to  the  presence  of  organic  acid,  and  this  acid 
sap  will  dissolve  many  substances  which  are  insoluble  in  pure 
water.  The  solvent  effect  of  this  acid  sap  is  well  demonstrated  by 
means  of  the  familiar  experiment  with  a  slab  of  marble.  If  a 
highly-polished  slab  of  marble  be  fixed  in  the  bottom  of  a  flower- 
pot, and  a  plant  be  grown  in  the  soil  above  it,  the  roots  will  come 
into  contact  with  the  slab  and  will  apply  themselves  to  its  surface. 
On  subsequently  examining  the  slab  of  marble,  it  will  be  found  to 
have  become  corroded  where  the  roots  had  been  in  contact  with 
it.  The  corrosion  is  due  to  the  solution,  by  the  acid  sap  of  the 
roots,  of  particles  of  the  marble. 

The  activity  of  the  absorption  of  water  is  dependent  upon  the 
temperature.  For  example,  the  absorption  of  water  by  roots  be- 
gins at  a  minimum  temperature ;  it  increases  in  activity  as  the 
temperature  rises  to  optimum  ;  any  further  rise  of  temperature  is 
attended  by  a  diminished  activity  of  absorption. 

Absorption  of  Oases,  The  absorption  of  gases  depends,  like  the 
absorption  of  water  and  substances  in  solution,  upon  diffusion. 
Supposing  an  absorbent  cell,  the  sap  of  which  holds,  to  begin  with, 
no  gases  in  solution,  to  be  brought  into  relation  with  a  mixture  of 
gases,  these  gases  will  be  dissolved  at  the  surface  in  proportion  to 
their  solubility  and  to  the  amount  of  each  gas  present  in  the  mix- 
ture, that  is,  the  amount  absorbed  of  each  gas  depends,  in  the  first 
instance,  upon  its  solubility  and  its  partial  pressure.  The  relative 
amount  of  each  gas  absorbed  over  a  period  of  time  will  further 
depend  upon  the  extent  to  which  it  undergoes  chemical  alteration 
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after  absorption.  For  instance,  plants  absorb  from  the  air 
nitrogen,  oxygen,  and  carbon  dioxide  nnder  certain  circumstances. 
On  acconnt  of  the  greater  proportion  of  nitrogen  in  the  air,  this 
gas  will  be,  in  the  first  instance,  absorbed  to  a  larger  extent  than 
either  of  the  others.  But  inasmuch  as  the  nitrogen  does  not  enter 
into  the  metabolic  processes  of  the  plant,  whereas  oxygen  and, 
under  certain  circumstances,  carbon  dioxide,  do  so,  the  nitrogen 
simply  accumulates  in  the  cell-sap,  and  the  absorption  of  it  will 
soon  cease,  whereas  the  absorption  of  the  oxygen  and  of  the  carbon 
dioxide  will  continue. 

Land-plants  absorb  gases,  in  the  manner  described  above,  at  all 
points  of  their  surface ;  by  their  shoots  from  the  air,  by  their  roots 
from  the  gaseous  mixture  in  the  interstices  of  the  soil ;  the  stomata 
of  the  sub-aerial  parts  are  of  great  importance  in  connexion  with 
this  process.  Submerged  water-plants  absorb,  in  solution,  the 
gases  dissolved  in  the  water. 

The  absorbed  gases  remain  in  solution  in  the  cell-sap,  so  that 
living  cells  do  not  contain  babbles  of  gases.  Moreover,  gases 
travel  in  the  plant  mainly  by  diffusion  from  cell  to  cell,  thongh 
their  distribution  may  also  be  effected  by  means  of  the  intercellular 
spaces. 

The  particular  gas  which  may  be  regarded  as  a  food-material  is 
carbon  dioxide.  Although  the  amount  of  this  gas  to  be  found  in 
the  air,  or  in  solution  in  water,  at  any  given  moment,  is  usually 
small,  yet  inasmuch  as  the  supply  is  maintained,  enough  of  it  can 
be  obtained  for  the  needs  of  the  plant.  The  conditions  of  its 
absorption  are  the  following :  First,  it  is  only  absorbed  by  those 
cells  which  contain  chlorophyll ;  Secondly,  it  is  only  absorbed  by 
these  cells  when  exposed  to  light  of  a  certain  intensity,  the  most 
active  rays  being  those  of  low  refrangibility. 

§  7.  Transpiration.  Every  part  of  a  plant  which  is  exposed 
to  the  air,  except  such  as  are  covered  by  a  thick  layer  of  cork,  is 
continually  exhaling  watery  vapour.  This  may  be  demonstrated 
by  placing  a  leafy  branch  under  a  bell-glass,  when  it  will  shortly 
be  observed  that  the  internal  surface  becomes  covered  with  drops 
of  water,  the  watery  vapour  exhaled  by  the  branch  having  con- 
densed upon  the  cold  glass.  Again,  the  drooping  of  cut  flowers 
or  herbaceous  branches  is  due  to  the  loss  of  water  by  ti'anspira- 
tion. 

It  must  be  clearly  understood  that  transpiration  is  not  simply 
evaporation.     If  it  were  so,  then  clearly  equal  amounts  of  water 
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would  be  evaporated  in  a  given  time  by  equal  areas  of  water- 
surface,  and  of  living  plant-surface.  But  this  is  not  the  case. 
All  observations  show  that  the  amount  of  water  transpired  from  a 
given  area  of  living  plant-surface  in  a  given  time,  is  only  a  small 
fraction  of  that  evaporated  in  the  same  time  from  an  equal  surface 
of  water.  On  the  other  hand,  the  evaporation  from  dead  plant- 
surface  is  as  active,  or  even  more  so,  than  from  a  free  surface  of 
water.  Transpiration,  whilst  ultimately  depending  upon  the 
purely  physical  process  of  evaporation,  is  essentially  evaporation 
modified  by  the  living  substance,  protoplasm,  from  and  through 
which  it  takes  place,  and  is  therefore  a  vital  function. 

The  activity  of  transpiration  is  intimately  connected  with  the 
external  conditions.  It  is  dependent  upon  the  hygrometric  state 
of  the  atmosphere,  npon  the  temperature  of  the  air,  and  especially 
upon  exposure  to  light.  Naturally,  the  drier  the  atmosphere  the 
more  active  the  transpiration;  and,  similarly,  a  rise  of  temperature 
promotes  transpiration.  The  effect  of  exposure  to  light  is  very 
striking.  On  removing  a  plant  from  darkness  to  even  feeble 
light,  its  transpiration  is  markedly  increased ;  but  when  it  is  re- 
moved into  bright  Punlight  it  is  increased  severalfold.  This  effect 
of  light  is  especially  marked  in  the  case  of  plants,  or  parts  of 
plants,  which  contain  chlorophyll.  It  is  clear  that  light  so  acts 
upon  the  protoplasm  of  the  transpiring  tissue  as  to  facilitate  the 
evaporation  of  the  water  contained  in  the  cells. 

The  activity  of  the  transpiration  from  the  surface  of  a  plant 
is  inversely  proportional  to  the  development  of  the  tegumentary 
tissue.  Thus,  transpiration  is  rapid  in  the  case  of  stems  and 
leaves  in  which  cuticularisation  or  suberisation  of  the  superficial 
cell- walls  has  taken  place  to  but  a  small  extent  or  not  at  all, 
whereas  the  transpiration  of  organs  which,  like  the  trunks  of 
many  trees,  are  covered  externally  by  layers  of  cork,  or  which, 
like  the  stems  and  leaves  of  succulent  plants,  such  as  Cacti,  Aloes, 
Crassulaceae,  etc.,  have  a  thick  cuticle,  is  comparatively  slight. 

However,  inasmuch  as  most  aerial  leaves  and  stems  have  a 
more  or  less  well-developed  and  cuticularised  tegumentary  tissue, 
the  transpiration  from  the  external  surface  is  insignificant.  In 
such  cases  the  transpiration  takes  place  mainly  through  the  thin 
nncuticularised  walls  of  the  cells  of  the  ground-tissue  into  the 
intercellular'  spaces,  and  the  watery  vapour  escapes  from  the 
intercellular  spaces  into  the  external  air  by  means  of  the  stomata 
and  the  lenticels.     The  stomata,    especially,  are  organs  for  the 
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regulation  of  transpiration.  As  already  mentioned  (p.  156),  the 
Btomata  open  and  close,  their  opening  and  closing  being  dependent 
upon  variations  in  the  turgidity  of  the  guard-cells.  When  the 
guai*d-cel]s  are  highly  turgid,  they  curve  so  as  to  separate  from 
each  other  in  the  middle  line,  thus  opening  the  stoma ;  when  they 
are  flaccid,  their  free  surfaces  are  brought  into  contact,  and  the 
stoma  is  closed.  It  was  held  for  a  long  time  that  the  opening  and 
closing  of  the  stomata  depended  mainly  on  whether  or  not  the  plant 
was  exposed  to  light;  that  the  stomata  opened  in  bright  light 
and  closed  in  darkness;  and  that  the  more  active  transpiration 
in  light  than  in  darkness  was  attributable  to  the  condition  of  the 
stomata.  But  it  is  now  known  that  the  opening  or  closing  of  the 
stomata  is  not  thus  directly  dependent  on  light,  but  is  a  function 
of  transpiration  as  affected  by  the  hygrometric  condition  of  the 
air,  and  by  the  supply  of  water  in  the  plant :  so  that  when  the 
transpiration  is  not-mal,  as  determined  by  a  certain  relation  exist- 
ing between  the  hygrometric  condition  of  the  air  and  the  supply 
of  water  to  the  ti*anspiring  leaf,  the  stomata  are  open  ;  but  when 
transpiration  becomes  excessive,  by  the  air  becoming  drier,  or  by 
a  diminution  in  the  supply  of  water  to  the  leaf,  the  stomata  close, 
even  before  any  trace  of  flagging  is  shown  by  the  leaf.  Thus  the 
stomata  act  as  regulators  of  transpiration,  and  their  opening  or 
closing  depends  partly  on  external  and  partly  on  internal  condi- 
tions. 

The  water  lost  by  transpiration  is  supplied  to  the  transpiring 
organs  from  the  roots.  If  the  loss  by  transpiration  is  compensated 
by  the  absorbent  activity  of  the  roots,  the  transpiring  oi'gans 
remain  fresh  and  turgid.  But  if,  as  is  frequently  the  case  on  a 
hot  summer  day,  the  loss  of  wat^r  by  trauspiitttion  is  greater  than 
the  supply  from  the  roots,  the  transpiring  organs,  more  especially 
the  leaves,  become  flaccid  and  droop,  and  they  are  only  restored 
to  the  turgid  condition  in  the  evening  when  the  tempei'ature  of 
the  air  falls  and  the  intensity  of  the  light  diminishes;  in  a  word, 
when  the  external  conditions  become  such  as  to  lead  to  a  diminu- 
tion of  the  transpiration. 

There  is,  however,  besides  the  flaccidity  of  the  herbaceous 
members  of  the  plant,  another  means  of  observing  the  effect  of 
transpiration  upon  the  amount  of  water  contained  in  the  tissues. 
If  the  stem,  or  a  branch,  of  an  actively  transpiring  plant  be  cut 
through  under  mercury  or  some  other  liquid,  it  will  be  observed 
that  the   liquid   will  at  once  make  its  way  for    a  considerable 
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distance  into  the  woody  tissue  of  the  cut  stem  or  branch.  This  is 
dae  to  the  fact  that,  in  consequence  of  the  withdrawal  of  water 
from  them,  the  gases  in  the  vessels  are  at  a  lower  pressure  than 
that  of  the  atmosphere.  This  is  termed  the  negative  pressure  in 
the  vascular  tissue. 

These  various  points  can  be  readily  observed  in  low -growing 
plants,  such  as  the  cabbage.  On  a  hot  summer  day  the  leaves 
become  flaccid,  and  the  existence  of  a  negative  pressure  in  the 
vessels  of  the  stem  can  be  ascertained.  In  the  evening,  when  the 
activity  of  transpiration  is  diminished,  but  active  absorption  of 
water  from  the  warm  soil  by  the  roots  continues,  the  leaves 
become  turgid,  and  water  gradually  accumulates  in  the  vascular 
tissue.  During  the  night  this  accumulation  of  water  in  the 
vascular  tissue  goes  on  until  it  becomes  quite  full,  so  that  there 
comes  to  be  not  only  no  negative  pressure,  but  a  positive 
pressure.  This  positive  pressure,  were  there  no  means  of  re- 
lieving it,  might  become  injurious  to  the  tissues ;  but  it  is  re- 
lieved by  the  filtering  of  drops  out  of  the  closed  terminations  of 
the  vascular  bandies  in  the  leaves,  these  drops  making  their  way 
to  the  surface  through  openings  over  the  ends  of  the  bundles, 
which  are  either  the  ordinary  stomata,  or  the  specially-modified 
water-stomata.  A  row  of  such  drops  on  the  margin  of  the  leaves 
may  be  observed  in  many  plants  in  the  early  morning.  It 
appears,  then,  that  during  the  day  the  loss  of  water  by  transpira- 
tion is  greater  than  the  supply  by  absorption,  whereas  during  the 
night  the  contrary  is  the  case. 

With  regard  to  the  physiological  significance  of  transpiration, 
it  is  impoHant  in  that  it  causes  a  rapid  current  of  liquid,  the 
transpiration-euiTentj  to  flow  through  the  plant  from  the  roots  to 
the  transpiring  organs,  more  especially  the  leaves.  This  ensures 
the  distribution,  not  only  of  the  absorbed  water,  but  also  of  the 
substances  absorbed  in  solution  from  the  soil.  It  will  be  noticed 
that  the  conditions  which  promote  transpiration,  namely,  light 
and  warmth,  are  jusfc  those  which  are  most  favourable  to  the  per- 
formance of  their  anabolic  processes  by  the  organs  which  contain 
chlorophyll.  Thus,  when  the  leaves  are  actively  producing  organic 
substance,  they  are  actively  transpiring,  and  they  are  therefore 
constantly  receiving  supplies  of  the  substances  absorbed  from  the 
soil,  substances  some  at  least  of  which  are  essential  to  the 
chemical  processes  in  opei*ation.  Transpiration  has,  then,  an 
important  bearing  upon  nutrition.     There  seems  to  be,  in  fact,  an 
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optimum  activity  of  transpiration,  that  is  to  say,  a  certain  activity 
of  transpii'ation  which  promotes  to  the  utmost  the  formation  of 
organic  substance  ;  so  that  if  the  average  activity  of  transpiration 
falls  short  of,  or  exceeds,  this  optimum,  the  nutrition  of  the  plant 
suffers,  as  shown  by  a  diminished  formation  of  organic  substance. 

§  8.  Distribution  of  Water  and  other  Substances.  It  is 
clear  that,  when  the  plant-body  is  so  far  differentiated  that  only 
certain  parts  of  it  are  in  a  position  to  absorb  water  and  substances 
in  solution  from  without,  there  must  be  a  distribution  of  the  ab- 
sorbed substances  from  the  absorbent  surfaces  to  the  other  parts. 
Further,  when  the  plant-body  is  differentiated  into  parts  which  do, 
and  others  which  do  not,  contain  chlorophyll,  there  must  be  a 
distribution  of  the  produced  organic  substance  from  the  former  to 
the  latter. 

In  plants  of  relatively  low  organisation,  the  distribution  takes 
place  entirely  by  diffusion;  by  simple  diffusion  when  the  plant  is 
a  ccenocyte  ;  by  diffusion  through  the  cell -walls,  that  is  byosmosis, 
when  the  plant  is  multicellular:  and  even  in  the  highest  plants 
diffusion  plays  an  important  part. 

With  regard,  first,  to  the  distribution  of  water  and  substance 
absorbed  in  solution  from  without,  in  the  more  highly  organised 
plants.  In  these  plants,  as  already  stated,  the  conducting  tissue  is 
the  wood  or  xylem  of  the  vascular  bundles,  extending  from  the 
roots,  the  absorbent  oi'gans,  to  the  leaves,  the  transpiring  organs. 

With  regard  to  the  mechanism  by  which  the  water  absorbed  by 
the  roots  is  conveyed  to  the  leaves,  it  must,  in  the  first  place,  be 
clearly  understood  that,  as  already  mentioned  (p.  678),  the  xylem 
does  not  communicate  directly  with  the  atmosphere,  but  is  a  com- 
pletely closed  tissue-system.  The  mode  in  which  water  and  sub- 
stances in  solution  are  introduced  into  this  closed  tissue-system  in 
the  root  is  as  follows : — The  root-haii-s  absorb  water  from  the 
soil;  the  absorbed  water  passes  by  osmosis  from  the  root-hairs 
into  the  adjacent  cortical  parenchymatous  cells  of  the  root ;  these 
cells  become  highly  turgid,  and  when  a  certain  degree  of 
turgidity  is  attained,  the  wat^r  escapes  by  filtration  under 
pressure  from  the  innermost  parenchymatous  cells  into  the  xylem- 
vessels  upon  which  they  abut.  The  water  is  thus  forced  into  the 
xylem  under  considerable  pressure,  which  is  termed  the  root' 
pressure.  In  the  leaves,  water  is  withdrawn  from  the  xylem  by 
the  adjacent  cells  which  absorb  it  osmotically,  and  from  these  in 
tui'n  by  those  which  are  actually  transpiring. 
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The  Root-Pressure.  The  existence  of  the  root-pressare  can  be 
easily  ascertained.  It  is  manifested  spontaneously  by  that  exuda- 
tion of  drops  on  the  margin  of  the  leaves  of  low-growing  plants 
during  the  night,  to  which  allusion  has  already  been  made  (p.  699). 
An  artificial  manifestation  of  it  is  induced  in  stems  which  are  cut 
across  at  a  time  when,  owing  to  active  absorption  and  feeble 
transpiration,  the  plants  are  rich  in  water ;  drops  exude  from  the 
xylera-vessels  at  the  cut  surface  of  that  part  of  a  stem  which  is 
still  in  connexion  with  the  root.  A  familiar  case  of  this  is  the 
"bleeding"  of  certain  shrubs  and  trees  when  pruned  in  the 
spring.  It  is  possible,  in  this  way,  to  estimate  both  the  activity 
and  the  force  of  the  root- pressure.  By  collecting  the  water  which 
exudes  from  the  cut  surface  of  the  stem,  the  amount  of  water 
absorbed  by  the  root  in  a  given  time  is  determined ;  and  by 
attaching  a  mercurial  manometer  to  the  cut  surface  of  the  stem 
the  force  of  the  root-pressure  can  be  measured.  For  instance, 
3,025  cubic  millimetres  of  liquid  were  collected  from  a  Stinging 
Nettle  in  99  hours ;  and  the  root-pressnre  required  a  column  of 
mercury  354  millimetres  in  height  to  counterbalance  it :  in  other 
words,  the  root-pressure  of  the  Nettle  was  nearly  half  an 
atmosphere,  and  was  capable  of  supporting  a  column  of  water 
about  15  feet  high. 

The  essential  point  in  the  mechanism  of  the  root-pressure  is 
the  forcing  of  liquid  by  filtration  under  pressure  from  the  paren- 
chymatous cells  into  the  xylem.  The  process  is  probably  to 
be  explained  somewhat  in  this  way.  When  a  certain  degree  of 
turgidity  is  attained  in  the  parenchymatous  cells  abutting  on  the 
xylem,  their  motile  protoplasm  undergoes  a  molecular  change,  in 
consequence  of  which  it  becomes  permeable  and  ceases  to  offer 
resistance  to  the  escape  of  the  cell-sap ;  consequently,  under  the 
elastic  contraction  of  the  distended  cell-walls,  a  portion  of  the  cell- 
sap  is  forced  out  of  the  cell.  This  molecular  change  in  the  state  of 
aggregation  of  the  protoplasm  of  the  parenchymatous  cells  probably 
takes  place  at  more  or  less  regular  intervals,  so  that  there  is  a 
sort  of  rhythmic  pumping  of  liquid  into  the  xylem  of  the  root. 
From  this  point  of  view,  the  root-pressure  of  a  plant  is  simply  the 
expression  of  the  force  of  the  elastic  contraction  of  the  cell-walls 
of  the  parenchymatous  cells  abutting  on  the  xylem-bundles  in  the 
root. 

With  regard  to  the  external  conditions  which  affect  the  root- 
pressure,  the  most  important  is  the  temperature  of  the  soil;  a 
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rise  of  temperature  up  to  the  optimum  increases  the  root-pressure, 
but  any  further  rise  causes  it  to  diminish,  and  if  the  soil  be 
heated  so  as  to  kill  the  roots,  the  root- pressure  altogether  dis- 
appears. In  any  case  the  force  of  the  root-pressure  is  not 
uniform,  but  varies ;  and  the  more  considerable  variations  occur 
in  such  a  way  as  to  constitute  a  well-marked  daily  period.  The 
exact  periodicity  depends  partly  on  the  age  of  the  plant,  and 
partly  on  the  conditions  under  which  it  has  been  living :  it 
may  be  genei^ally  descnbed  as  follows : — The  force  of  the  root- 
pressure  is  least  during  the  early  morning  hours  ;  it  then  gradually 
increases,  reaching  its  maximum  early  in  the  afternoon,  and  then 
it  diminishes  during  the  evening  and  night  until  the  minimum 
is  attained  early  the  following  morning.  Thus  there  is  a  period 
of  about  twelve  hours  between  the  occurrence  of  the  minima  and 
the  maxima,  and  there  can  be  no  doubt  that  this  periodicity  has 
been  induced  by  the  periodic  changes  in  the  external  conditions 
accompanying  the  alternation  of  day  and  night. 

The  liquid  forced  into  the  tracheal  tissue  is  by  no  means  pure 
water;  it  holds  various  substances  in  solution,  such  as  mineral  salts 
absorbed  from  the  soil ;  in  the  spring  it  is  relatively  rich  in  organic 
substances,  such  as  proteids,  sugar,  acids,  colouring-matters,  etc., 
derived  from  the  reserves  stored  in  the  parenchymatous  cells  of 
the  root,  which  are  being  conveyed  to  the  opening  buds. 

The  Transpiration- Current  The  mechanism  by  which,  after  the 
liquid  has  been  forced  into  the  xylem  of  the  root,  a  sufficient 
current  is  maintained  through  the  stem  of  a  lofty  tree  to  supply 
the  actively  transpiring  leaves,  is  still  one  of  the  incompletely 
solved  problems  of  physiology. 

It  might  be  assumed  that  the  transpiration-current  is  main- 
tained simply  by  the  root-pressure.  There  is  no  doubt  that,  in 
low-growing  plants  (see  p.  701),  the  root-pressure  is  sufficient  to 
force  liquid  to  all  parts  of  the  plant;  and  this  is  probably  true  also 
of  lofty  trees.  The  objection  is  that  no  root-pressure  can  be  de- 
tected at  any  time  in  a  great  many  plants,  and  that  it  can  never 
be  detected  in  any  plant  at  the  time  when  transpiration  is  active, 
when,  on  the  contrary,  there  is  negative  pressure  (p.  699)  in  the 
vessels.  Moreover,  a  transpiration- current  is  maintained  for  a 
time  by  entire  plants  whose  roots  have  been  killed  by  heat,  as  also 
by  cut-off  shoots. 

It  has  been  suggested  that  the  current  is  maintained  by  a 
repetition  of  the  root-pressnre-action  at  various  levels  in  the  stem, 
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water  being  absorbed  and  then  retnmed  under  pressure  into  the 
vessels  by  the  adjacent  parenchymatous  cells.  This  view,  based 
principally  on  anatomical  facts,  is  supported  by  but  little  direct 
evidence,  although  it  has  been  ascertained  in  certain  cases  that 
the  parenchymatous  cells  of  the  stem  are  capable  of  forcing 
liquid  into  the  xylem :  for  instance,  when  a  piece  of  a  grass- 
haulm  is  placed  with  its  lower  end  in  wet  sand,  drops  of  water 
may  be  observed  to  exude  from  the  upper  cut  surface  after  a 
time.  But  in  view  of  the  fact  that  the  transpiration- current  can 
be  maintained  through  a  considerable  length  of  stem  killed  by  heat, 
as  also  of  the  fact  that  fatally  poisonous  solutions  may  be  thus 
conveyed  op  wards  through  the  wood  for  a  length  of  time  which 
ensures  the  death  of  all  the  adjacent  parenchymatous  cells,  it  is 
difficult  to  see  how  this  theory  can  be  maintained. 

It  has  also  been  suggested  that  the  current  is  due  to  purely 
physical  causes,  such  as  capillarity  and  the  difference  between 
the  pressure  of  the  external  atmosphere  and  the  lower  pressure  of 
the  gases  in  the  xylem  of  the  plant,  or  the  differences  of  pressure 
of  the  gases  in  the  lower  and  upper  parts  of  the  plant.  With 
regai-d  to  capillarity,  it  need  only  be  pointed  out  that  in 
many  cases  {e.g,  Coniferse)  the  conducting-tissue  of  the  xylem 
does  not  consist  of  continuous  capillary  tubes,  but  of  closed 
tracheids;  here  it  is  impossible  for  a  column  of  water  to  be 
raised  by  capillarity,  and  yet  the  current  is  maintained ;  and 
even  in  plants  with  continuous  xylem- vessels,  the  force  of  capil- 
larity would  be  altogether  inadequate  for  the  maintenance  of  the 
current.  With  regard  to  the  "  gas-pressure- theory,"  it  will  suf- 
fice to  point  out  that,  even  if  it  were  well-founded,  it  could  only 
account  for  the  raising  of  water  in  the  plant  to  a  height  of  thirty- 
two  feet  at  the  utmost;  but  it  is  not  well-founded,  for  inasmuch 
as  the  xylem-system  is  air-tight,  being  shut  off  from  all  commu- 
nication with  the  external  air  (see  p.  678),  the  movement  of  fluids 
within  it  is  in  no  degree  affected  by  the  atmospheric  pressure, 
and  the  internal  differences  of  gas-pressure  are  altogether  in- 
adequate. However,  though  neither  capillarity  nor  differences  of 
pressure  can  be  regarded  as  the  active  cause  of  the  current,  the 
maintenance  of  the  current  is  affected  both  by  the  capillarity  of 
the  vascular  tissue  through  which  it  travels,  and  by  the  varying 
pressure  of  the  gases  which  that  tissue  may  contain. 

Two  facts  have  been  made  clear  by  the  foregoing  considerations : 
first,  that  the  water  contained  in  the  wood  is  readily  mobile,  a 
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fact  which  has  been  proved  beyond  question  by  special  experi- 
ments {  second,  that  the  only  force  remaining  to  which  the  move- 
ment of  the  transpiration-carrent  in  the  stem  can  be  attributed,  is 
that  of  the  osmotic  absorption  of  water  from  the  tracheal  tisane 
by. the  adjacent  cells  of  the  leaves  when  transpiration  is  going 
on.  In  accordance  with  these  facts  it  has  been  suggested  that 
the  water  travels  molecnlarly  through  the  substance  of  the 
lignified  cell-walls,  the  water  taken  up  from  the  wood  by  the 
transpiring  leaves  being  at  once  replaced  by  fresh  molecules 
coming  np  from  below.  The  merit  of  this  view,  known  as  the 
"  imbibition-theory,*'  is  that  it  overcomes  the  diflficulty  of  account- 
ing for  the  raising  of  water  through  the  cavities  of  the  tracheal 
tissue ;  for  the  molecules  of  the  water  thus  conceived  of  as  being 
held  in  the  substance  of  the  cell- walls  will  travel,  like  the  mole- 
cules of  a  gas,  in  the  direction  of  least  resistance,  that  is,  towards 
the  transpiring  organs.  Moreover  it  is  true  that  the  transpiration- 
current  will  only  travel  through  wood  the  walls  of  which  are 
saturated  with  water.  But  it  is  objected  to  this  theory  that  it 
does  not  accord  with  the  fact  that  any  diminution  or  interruption 
of  the  lumina  of  the  vessels,  by  compression  for  instance,  or  by 
section,  diminishes  or  arrests  the  transpiration-current;  clearly 
this  ought  not  to  be  the  case  if  the  current  travels  exclusively  in 
the  walls.  Moreover  it  has  been  ascertained  that  the  actually 
conducting-tissue  of  the  wood  always  contains  water  in  its  cavities 
even  when  transpiration  is  most  active,  though  bubbles  6f  gas  are 
also  present,  at  any  rate  in  the  wider  vessels  or  traoheids. 

The  conclusions  to  be  drawn  as  to  the  mechanism  of  the  trans- 
piration-current in  lofty  trees,  may  be  stated  as  follows.  In  the 
spring  the  wood  is  full  of  water  forced  into  it  by  root-pressure. 
When  the  leaves  unfold,  and  begin  to  transpire,  water  is  gradually 
withdrawn  from  the  conducting  tracheal  tissue,  and  the  tissue  is,  at 
any  rate  for  the  most  part,  occupied  by  a  system  of  short  columns 
of  water  with  intervening  gas-bubbles,  the  columns  of  water  being 
in  communication  by  delicate  61ms  along  the  cell-walls.  If  the 
whole  of  the  tracheal  tissue  be  in  this  state,  it  is  suggested  that 
as  water  is  withdrawn  from  the  upper  part  of  the  wood  by  the 
transpiration  of  the  leaves,  a  current  is  set  up,  the  water  travelling 
along  the  cell- walls,  between  them  and  the  gas-bubbles.  But  it 
may  be  that  a  continuous  system  of  tracheids  completely  filled 
with  water  is  maintained,  and  that  it  is  through  this  that  the 
current  travels.     The  conducting-tissue  is  supplied  with  water, 
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in  the  first  instance,  from  that  which  fills  the  non-conducting 
tissue  of  the  wood  (and  the  old  wood  or  duramen,  if  present),  and 
ultimately  by  the  root.  It  may  be  thought  that  the  suction  due 
to  transpiration  would  be  incapable  of  maintaining  the  current ; 
but  this  difficulty  is  met  by  the  consideration  that  the  water  is 
held  in  position  by  the  capillarity  and  the  cellular  structure  of 
the  tracheidal  tissue,  and  that  the  system  of  columns  of  water 
and  gas-bubbles  does  not  move  as  a  whole,  since  the  latter  cannot 
pass  the  pit-membranes  of  tracheids.  Moreover  the  force  of 
transpiratory  suction  is  considerable,  though  it  has  not  been 
accurately  measured. 

The  Distribution  of  Organic  Plastic  Substances.  These  substances 
may  be  generally  stated  to  consist  of  organic  substances  of  two 
kinds,  nitrogenous  and  non- nitrogenous,  and  these  are  distributed 
through  di£ferent  channels. 

1.  The  nitrogenous  substances  travel,  in  plants  or  in  parts  of 
plants  which  are  not  supplied  with  vascular  tissue,  in  the  form 
of  amides  (see  p.  707)  by  osmosis  from  cell  to  cell.  But  in 
vascular  plants  it  is  known  that  they  also  travel  in  the  sieve- 
tissue  from  one  member  of  the  planfc  to  another,  in  the  form  of 
indiffusible  proteids.  There  is  no  evidence  that  the  very  slow 
movement  of  the  contents  of  the  sieve-tubes  is  effected  by  any 
special  mechanism ;  it  appears  to  be  simply  induced  by  the  de- 
mand for  these  substances  at  any  points,  and  it  is  doubtless 
promoted  by  the  swaying  of  the  stem  and  branches. 

2.  The  non-nitrogenous  substances  travel  through  the  plant  in 
the  form  of  glucose  and  maltose  (see  p.  708),  in  solution ;  they 
travel  by  diffusion  from  cell  to  cell,  and  more  especially  in  the 
elongated  parenchymatous  cells,  forming  the  conducting-sheath , 
which,  in  the  leaf,  consists  of  mesophyll-cells  closely  investing  the 
vascular  bundles,  and,  in  the  stem,  belongs  to  the  inner  cortex. 
This  layer  is  not  the  endodermis,  but  lies  externally  to  it ;  the 
endodermis  frequently  contains  starch-grains,  and  is  sometimes 
termed  the  starch-sheath,  but  it  is  rather  a  depository  than  a  con- 
ducting-tissue. 

The  direction  in  which  organic  substances  travel  in  the  plant 
seems  to  be  determined  simply  by  the  demand  for  them.  Just  as 
the  water  and  the  substances  in  solution  absorbed  by  the  roots 
travel  to  the  transpiring  and  assimilating  organs,  so  the  organic 
substances  produced  in  the  assimilating  organs  travel  in  the 
plant  to  those  parts  in  which  organic  substance  is  either  being 
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used  in  growth,  or  is  being  stored  up  as  reserve  material.  In  a 
Potato-plant,  for  example,  part  of  the  organic  sabstance  formed 
in  the  leaves  travels  to  the  growing-points  of  the  roots  and  of  the 
shoots,  where  it  is  required  for  the  development  of  new  leaves, 
flowers,  branches,  etc.,  whilst  the  residue  travels  to  the  under- 
ground shoots  which  are  developing  into  tubers  and  are  storinj^  up 
quantities  of  starch.  Similarly,  these  organic  substances  travel 
apparently  by  the  same  channels  and  in  the  form  of  the  same 
chemical  compounds,  from  organs  which  serve  as  depositories  of 
reserve  material,  when  these  stores  are  drawn  upon  to  supply  the 
growth  of  developing  parts.  For  instance,  when  a  Potato-tuber 
begins  to  sprout,  the  starch,  which  is  the  principal  reserve 
material,  is  drawn  upon,  being  gradually  converted  into  sugar, 
in  which  form  it  travels  to  the  growing-points  of  the  young 
shoots  and  supplies  a  large  proportion  of  the  plastic  material 
necessary  for  their  growth. 

§  9.  Metabolism.  This  subject  will  be  subdivided  into:  1, 
Chemical  Composition ;  2,  Food  of  Plants ;  3,  Anabolism  ;  4,  Cata- 
holism  ;  5,  Products  of  Metabolism ;  6,  Supply  and  Expenditure  of 
Energy. 

1.  Chemical  Composition.  As  a  preliminary,  a  general  account 
of  the  chemical  composition  of  plants  will  be  given. 

All  parts  of  living  plants  contain  a  considerable  quantity  of 
water :  this  forms  not  merely  the  principal  constituent  of  the  cell- 
sap,  but  also  saturates  the  cell- walls,  the  protoplasm,  in  short,  all 
organised  structures;  it  is,  in  fact,  one  of  the  peculiarities  of  or- 
ganised structures  that  minute  particles  of  water  are  interposed 
between  the  particles  of  solid  matter  of  which  they  consist.  By 
heating  to  100°  or  110°  C,  all  the  water  contained  in  any  part  of 
a  plant  is  expelled,  and  in  consequence  it  will  naturally  lose 
weight.  The  amount  of  this  loss,  that  is,  the  quantity  of  contained 
water,  is  very  different  in  various  plants  ;  ripe  seeds  dried  in  the 
air  contain  from  12  to  15  per  cent,  of  water,  herbaceous  plants  60 
to  80  per  cent.,  and  many  water-plants  and  Fungi  as  much  as 
95  per  cent,  of  their  whole  weight. 

The  residue,  which  gives  off  no  more  water  at  a  heat  of  100°  C, 
the  dry  solid,  consists  of  a  great  variety  of  chemical  compoands  ; 
these  are  partly  organic,  that  is  to  say,  combinations  of  carbon 
with  other  elements,  and  partly  inorganic.  These  organic  sub- 
stances  which  occur  in  the  living  plant  (with  the  exception  of 
salts  of  oxalic  acid)  all  contain  hydrogen.     Some  of  them,  such  as 


Digitized  by 


Google 


CHAPTER  II. — SPECIAL  PHYSIOLOGY  OF  THE  NUTRITIVE  FONCTIONS.    707 

many  oils,  consist  of  these  two  elements  only  (carbon  and  hydro- 
gen), bnt  by  far  the  greater  number,  including  cellulose,  starch, 
and  sugar,  as  well  as  the  vegetable  acids  and  certain  oils,  contain 
oxygen  also.  The  proteid  substances  consist  of  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  sometimes  phosphorus;  in  other 
bodies  which  contain  nitrogen,  as  asparagin  and  many  alkaloids, 
there  is  no  sulphur  or  phosphorus;  from  certain  other  alkaloids, 
for  instance  nicotin,  oxygen  is  also  absent. 

The  commoner  organic  substances  of  which  the  plant- body 
consists  may,  in  the  first  instance,  be  divided  into  those  which 
do  and  those  which  do  not  contain  nitrogen  in  their  molecule. 

Tbe  most  important  nitrogenous  substances  may  be  classified  as  follows : — 

1.  ProUid* :  these  are  substances  with  a  large  molecule  of  complex  oonstita- 
tioD,  to  which  no  chemical  formula  has  yet  been  assigned ;  they  may  be  solable 
or  insoluble  in  water,  and  when  solable  are  mostly  indififnsible ;  they  are  gener- 
ally of  a  viscid  nature  (like  white  of  egg)  and  are  rarely  crystallisable.  Of  these 
there  are  several  varieties : — 

a.  Insoluble  Proteids :  do  not  dissolve  even  in  dilate  acids  or  alkalies :  e.g. 

coagalated  proteid. 
5.  Albuminates :  insoluble  in  water  or  solutions  of  neutral  salts,  bui  soluble 

in  dilate  acids  or  alkalies,  sometimes  solable  in  dilute  alcohol :  e.ff* 

gluten  of  wheat. 
e.  Globulins :  msolable  in  water,  bat  solable  in  solutions  of  neatral  salts 

(sach  as  NaCl)  and  coagalated  on   boiling,  sometimes  crystallisable : 

these  enter  largely  into  the  composition  of  aleuron   (see  p.  112);  the 

crystalloids  in  the  potato  and  in  some  aleuron-grains  (e.g,  Bicinus, 

Bertholletia)  consist  of  a  kind  of  globulin  (vitellin]. 

d.  Albumins  :  soluble  in  water,  coagulated  on  boiling  :  rare. 

e.  Albumoses :  soluble  in  water,  not  coagulated  on  boiling,  but  precipitated  by 

a  small  quantity  of  nitric  or  acetic  acid,  and  solable  in  excess :  a  common 
constituent  of  alearon. 
/.  Peptones :  soluble  in  water,  not  precipitated  by  boiling  or  by  acids ;  present 
in  germinating  seeds. 

2.  Amides  (or  Amido-acids) :  these  substances  are  soluble  in  water,  not 
coagulated  on  boiling,  diffasible,  and  crystallisable.  Those  commonly  occurring 
in  plants  are  Asparagin  (C4H8N,08),  Leucin  (OjjHaeNjO^),  Tyrosin  (C9H11NO3). 

3.  Alkaloids:  these  substances  are,  chemically,  organic  bases,  occurring  in 
plants  in  combination  with  organic  acids ;  they  are  insoluble  or  but  slightly 
soluble  in  water,  solable  in  alcohol ;  most  of  them  are  solid  at  ordinary  tem- 
peratures, and  are  crystalline,  whilst  others  are  liquid  (Coniin,  Nicotin) ;  they 
are  generally  poisonons. 

The  more  familiar  alkaloids  are  Coniin  (CgHijN)  from  Conium ;  Nicotin 
(CioHj^N,)  from  Tobacco ;  Morphin  (Ci^HioNOs),  and  other  opium-alkaloids 
from  the  Poppy ;  Strychnin  (CjiHjsNjOj)  irom  Strychnos  Nux  vomica;  Quinin 
(CjoHjiNjOj)  from  the  Cinchona;  Thein  (CgHioN^Oa)  from  Tea;  Theobromin 
(C7  Ha  N4  Oj)  from  Theobroma  Cacao, 
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Some  colouring 'matters  are  also  nitrogenoas  (e.g.  chlorophyll,  and  indigo 
CgHjNO),  as  also  some  glocosides  (see  below). 
The  prinoipal  non-nitrogenou*  substances  are  : — 

1.  Carbohydrate* :  substances  consisting  of  G,  H,  and  O,  the  H  and  O  being 
present  in  the  same  proportions  as  in  water  (H^O) ;  of  these  there  are  the' 
following  classes : 

a.  Amylases  :  general  formula  n  (CeHioOs) ;  of  these  cellulose  and  starch  are 
the  most  common,  the  former  entering  largely  into  the  composition  of 
cell-walls,  the  latter  occurring  as  a  reserve  material  in  the  form  of  stareh- 
grains ;  they  are  neither  of  them  soloble  in  water  under  ordinary  dream- 
stances  :  dextrin  or  amylin,  a  product  of  the  action  of  diastase  on  starch, 
is  soluble  in  water  but  not  crystallisable :  inuHn  occurs  in  many  Com- 
posite and  allied  orders  (Campanulaceae,  Lobeliaeee)  in  solution  in  the 
cell-sap ;  it  is  slightly  soluble  in  oold  water  and  is  crystallisable.  The 
gums  and  mucilages  also  belong  to  this  group. 

&.  Sucroses :  GisHtjOn  :  soluble  in  water  and  crystallisable :  eane-sugar 
occurs  in  many  plants  (esp.  Sugar-cane  and  Beetroot) ;  maltose  is  the 
chief  product  of  the  action  of  diastase  on  starch. 

c.  Glucoses :  CoHiaOq  :  soluble  in  water  and  crystallisable :  they  occur  in 
fruits  (grape-sugar). 

The  sucroses  and  glucoses  are  commonly  known  as  sugars. 

A  substance  termed  Mannite  {C^^fi^  occurs  in  the  cell-sap  of  Fraxinns 
Onius  and  some  other  plants  :  though  not  a  carbohydrate,  it  is  closely  allied  to 
this  group  ;  crystallisable,  but  not  readily  soluble  in  water.  The  glucoses  are 
derivatives  (aldehydes)  of  mannite  (an  alcohol). 

2.  Organic  Acids:  these  occur  in  the  plant  either  free  or,  more  commonly, 
as  neutral  or  acid  salts  in  combination  with  organic  or  mineral  bases ;  some 
are  constituents  of  the  fats  and  fixed  oils  (e.g.  palmitic  and  oleic  acids ;  see 
below) :  the  more  common  are  oxalic  acid  (H^CsO^),  malic  acid  (HSC4H4O3}, 
tartaric  acid  (HsC4H40e),  citric  acid  (Hfi^Kfi-j). 

8.  Olucosides  :  substances  of  complex  constitution  which  owe  their  name  to 
the  fact  that  they  give  rise,  on  decomposition,  to  glucose  among  other  products: 
such  are  amygdaliUf  C20H27NO11  (seeds,  etc.,  of  many  Kosacen) ;  eoniferint 
CieHsaOg  (coniferous  wood) ;  myrosin,  or  myronate  of  potash,  KGioHisNSjOto 
(seeds  of  Mustard) ;  salicint  CijHxgOj  (in  bark  of  Willows  and  Poplars) ;  gallv- 
tannin,  G34H^083  (in  Oak-bark). 

Though  some  of  these  substances  {e.g.  amygdalin  and  myrosin)  contain 
nitrogen,  it  is  more  convenient  to  classify  them  with  the  more  numerous  non- 
nitrogenous  glucosides. 

4.  Fats  and  Fixed  Oils :  these  substances,  as  they  occur  in  the  seeds  and 
fruits  of  plants,  are  mixtures  of  free  fatty  acida  with  glycerin-compounds 
(glycerides)  of  fatty  acids;  thus  palm-oil  is  a  mixture  of  palmitic  and  oleic 
acids  with  their  glycerides  palmitin,  G3H5(GioHsiO)303,  which  is  a  solid  fat, 
and  olein,  C3H5(GigH350)303,  which  is  a  fluid  fat  or  oil :  olive-oil  consists 
chiefly  of  olein  with  some  palmitin :  castor-oil,  of  ricinolein  (the  glyceride  of 
ricinoleic  acid)  and  stearin  (the  glyceride  of  stearic  acid):  linseed-oil,  of  linolein 
(the  glyceride  of  liuoleic  acid)  and  palmitin. 

5.  Essential  or  Vulatile  Oils :   these  substances  occur  in  various  parts  of 
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plants  (flowers,  fruit,  etc.),  and  it  is  to  tbem  that  the  odours  of  plants  are 
chiefly  due.  They  usually  consist  of  a  mixture  of  oxygenated  compounds  with 
hydrocarbons  of  either  the  formula  CioHj^  (terpenes)  or  C^Hn :  many  of  the 
oxygenated  compounds  are  solids  held  in  solution  in  the  liquid  hydrocarbon  ; 
thus,  turpentine  (from  Conifers)  is  a  solution  of  rain  (or  abiotic  anhydride, 
^44^^04)  in  the  terpene  called  terebene;  camphor-oil  consists  of  camphor 
(CioHi^O),  a  solid  substance,  dissolved  in  a  terpene ;  oil  of  cloves  consists 
chiefly  of  eugenol  (GioH^Os)  with  a  hydrocarbon  Cj^Hg^.  Some  essential  oils 
consist  simply  of  a  single  substance  the  composition  of  which  is  various ;  thus, 
oil  of  bitter  almonds  is  an  oxygenated  substance,  C^Ufi  (benzoic  aldehyde); 
oil  of  mustard  is  a  sulphur-containing  nitrogenous  substance,  C8H5,NCS  (allylic 
isothiocyanate). 

AUied  to  these  hydrocarbons  are  the  solid  substances  caoutchouc  and  gutta* 
percha  which  occur  in  milky  latex :  they  have  the  composition  n(CiH^). 

The  organic  compounds  can  for  the  most  part  be  resolved  into 
volatile  products — chiefly  carbonic  acid,  water,  and  nitrogen — by 
exposure  to  great  heat  with  free  access  of  air,  that  is,  by  combus- 
tion. The  inorganic  residue  is  a  white,  or,  if  the  combustion  is 
imperfect,  a  grey  powder,  the  ash. 

As  the  result  of  chemical  processes  attending  the  combustion, 
the  sulphur  and  phosphorus  previously  contained  in  the  organic 
compounds  appear  as  sulphates  and  phosphates  in  the  ash,  and  the 
carbonic  acid  formed  during  combustion  combines  with  some  of 
the  inorganic  substances.  These,  therefore,  must  not  be  included 
in  an  accurate  estimate  of  the  constituents  of  the  ash. 

The  ash  usually  constitutes  but  a  small  percentage  of  the  whole 
dry  solid  of  the  plant.  The  amount  of  ash  increases  with  the  age 
of  the  plant,  or  of  any  part  of  it,  inasmuch  as  there  is  no  appi'eci- 
able  excise tion  by  the  plant  of  the  mineral  substances  absorbed. 
The  percentage  of  ash  in  the  dry  solid  of  the  plant,  or  of  any 
organ,  may  vary  widely  at  different  times.  The  following  analyses 
of  various  portions  of  plants  will  give  an  idea  of  its  amount  and 
composition : — 
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2.  The  Food  of  Plants,  The  constituents  of  the  ash  do  not 
form  a  merely  accidental  mixtare  ;  it  has  been  proved  by  experi- 
ment that  certain  inorganic  componnds  are  absolutely  necessary 
to  the  life  of  the  plant.  Those  chemical  elements  which  the 
plant  requires  for  its  nutrition,  and  which  must  therefore  be  re- 
garded as  part  of  its  food,  are : — 

I.  Non-metallic  Elements : — Carbon,  hydrogen,  oxygen,  nitro- 
gen, sulphur,  phosphoros,  and  perhaps  chlorine.  It  must, 
however,  be  clearly  understood  that  all  these  elements 
also  exist  in  the  plant  to  some  extent  as  inorganic  com- 
pounds, carbonates,  nitrates,  phosphates,  sulphates,  of  the 
metals  mentioned  below. 
II.  Metallic  Elements : — Potassium,  calciam,  magnesium,  iron. 

Besides  these  we  find  in  the  ash  of  many  plants — though  they 
cannot  be  regarded  as  essential  to  nutrition — the  following  ele- 
ments :  sodinm,  lithium,  manganese,  silicon,  iodine,  bromine,  and 
in  rare  cases,  also  aluminium,  copper,  zinc,  cobalt,  nickel,  stron- 
tium, and  barium.  Fluorine  must  also  exist  in  vegetables,  for  it 
is  found  in  a  perceptible  quantity  in  the  dentine  of  animals  which 
feed  directly  or  indirectly  on  vegetables. 

The  essential  elements  of  the  food  will  now  be  severally  dis- 
cussed. 

Carbon.  Plants  which  possess  chlorophyll  obtain  their  carbon 
mainly  from  the  air  (or,  in  the  case  of  submerged  plants,  from  the 
water)  in  the  form  of  carbon  dioxide.  The  absorption  of  carbon 
dioxide  is,  however,  limited  to  those  cells  which  actually  contain 
chlorophyll,  and  it  can  only  go  on  even  in  those  cells  so  long  as 
they  are  exposed  to  sufficiently  intense  light. 

Although  plants  possessing  chlorophyll  can  and  do  use  carbon  dioxide  as 
carbonaceous  food,  yet  there  is  reason  to  believe  that  they  may  supplement  this 
by  absorbing  more  complex  carbon-compounds  from  the  soil  by  their  roots. 
Thus,  a  remarkable  case  of  symbiosis  (see  p.  273),  has  been  observed  in  various 
plants  (especially  trees  belonging  to  Gorylaceie  and  FagacesB) :  the  absorbent 
region  of  the  roots  is  more  or  less  closely  covered  by  a  felt-work  of  fungus- 
mycelium,  the  whole  structure  being  termed  mycorhiza :  it  is  suggested,  and  the 
suggestion  is  based  principally  on  the  fact  that  the  development  of  the  mycorhiza 
is  the  more  marked  the  richer  the  soil  in  decomposing  organic  matter  (humus), 
that  the  fungus  promotes  the  absorption  of  the  organic  matter  by  the  roots  of 
the  tree.  In  certain  other  cases  (e.g.  Drosera,  Dionsea,  Utricularia,  etc.),  green 
plants  are  provided  with  a  special  mechanism,  in  the  form  of  modified  leaves, 
for  obtaining  a  supply  of  organic  carbon-compounds.    Such  plants  are  said  to  be 
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carnirormu.  The  case  of  Drosera  may  be  selected  for  illustration.  The  upper 
surface  and  the  margin  of  a  leaf  of  this  p^ant  bears  numerous  glandular  appen- 
dages, the  tentacles  (see  Fig.  42,  p.  66)  The  glands  at  the  ends  of  the  tentacles 
continually  excrete  a  viscid  liquid.  When  an  insect  comes  into  contact  with 
one  of  the  marginal  glands,  it  sticks  to  it ;  this  stimulates  the  tentacle,  and  it 
moves,  curving  inwards  to  the  centre  of  the  leaf,  and  gradually  the  other 
marginal  tentacles  incurve  over  the  insect  (Fig.  42  B).  The  glands  then  secrete 
an  acid  liquid  containing  a  digestive  ferment  which  acts  upon  and  dissolves  the 
soft  parts  of  the  insect,  and  the  products  of  this  digestion  are  absorbed. 

Plants  which  do  not  possess  chlorophyll  are  incapable  of  using 
carbon  dioxide  as  carbonaceous  food,  bat  reqnire  more  complex 
carbon- com poonds.  Snch  plants  are,  all  Fnngi,  and  among  the 
higher  plants,  Cnscuta  (Dodder),  Orobanche  (Broomrape),  Neottia, 
etc.,  though  in  some  of  these  latter,  a  small,  but  altogether  insig- 
nificant quantity  of  chlorophyll  has  been  detected.  These  plants 
absorb  the  complex  carbon-compounds  which  they  require,  either 
from  living  animals  and  plants,  or  from  the  decaying  remains  of 
animals  and  plants :  in  the  former  case  they  are  termed  parasites, 
in  the  latter  saprophyfes. 

The  most  common  parasites  are  those  which  are  nourished  by  other  plants, 
f  ermed  hosts^  and  each  parasite  has  its  own  peculiar  host,  and  possess  peculiar 
root-like  organs,  the  hamtoria  (see  p.  66),  by  which  they  are  attached  to  the 
host  and  absorb  their  nutriment.  They  frequently  have  a  prejudicial  effect 
upon  the  host,  and  sometimes  cause  malformations,  such,  for  instance,  as  the 
**  witches*  brooms  '*  in  the  Silver  Fir,  which  are  produced  by  a  parasitic  rust- 
fungus,  the  jEcidium  elatinum.  Less  common  are  parasites  on  animals,  such 
as  the  Schizomjcetes  (Bacteria,  etc.),  which  cause  various  diseases,  and  other 
Fungi,  like  Entomophthora,  which  is  parasitic  on  flies,  and  Ck>rdyceps,  which 
is  parasitic  on  caterpillars. 

Some  of  these  parasites,  Cordyoeps  for  instance,  can  live  saprophytically  to 
some  extent ;  these  are  potential  saprophytes.  On  the  other  hand,  there  are 
potential  parasites,  that  is,  plants  which  can  live  almost  as  well  parasitically  as 
saprophytically,  such  as  Agaricus  mellevs,  which  grows  equally  on  living  trees 
and  on  dead  logs. 

It  is  remarkable  that  certain  plants  which  possess  chlorophyll  are  nevertheless 
parasitic  in  habit ;  for  instance,  Viscum  (the  Mistletoe)  which  is  parasitic  on 
various  trees,  Bbinanthns  (the  Rattle)  and  other  Scrophulariacese,  also  Thesium 
(Bastard  Toad-flax),  which  are  attached  to  the  roots  of  other  plants  by  their 
haustoria.  The  nutritive  processes  of  these  green  parasites  are  not  yet  fully 
understood,  but  it  seems  probable  that  they  absorb  from  their  hosts  the  sub- 
stances wliicfaLthey  should  normally  obtain  from  the  soil,  though  in  a  somewhat 
modifled  form. 

The  great  majority  of  the  saprophytes  are  Fungi,  such  as  the  various  Agarics 
which  grow  in  the  soil  of  woods  (humus)  which  is  formed  by  decayed  eaves  and 
is  rich  in  organic  matter ;  the  Moulds  and  Yeasts  which  grow  in  saccharine 
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juices,  or  fruits,  etc. ;  and  Saprolegnia  wbich  attacks  tbe  corpses  of  animals. 
Borne  of  these  Fangi,  notably  the  Teasts  and  the  yarioos  kinds  of  Bacteria 
(Schizomycetes),  are  peculiar  in  that  th^y  not  only  decompose  tbe  amuont  of 
organic  substance  wbich  they  require  for  their  nutrition,  but  they  give  rise  to 
widespread  decompositions  wbich  are  known  as  fermentation  and  putrefactioo. 
Amongst  tbe  higher  plants  there  are  many  saprophytes  which  grow  in  soils  rich 
in  humus :  they  may  be  almost  destitute  of  chlorophyll  {e.g,  Monotropa ; 
Neottia  and  some  other  Orchids):  or  they  may  possess  it  in  considerable 
quantity  {e.g.  some  Orchids ;  Pyrola ;  Ericaceaa ;  Diapensiaceie),  in  which  case 
they  are  probably  only  partially  saprophytic ;  plants  of  this  kind  grow  mostly 
in  the  leaf-soil  of  forests,  or  in  peat  on  moor8. 

Hydrogen.  The  hydrogen  of  the  plant  is  mainly  absorbed  in  the 
form  of  water  (HgO),  bat  it  may  also  be  absorbed  in  combination 
with  nitrogen  as  ammonia-compoands  (NH3),  and  also  in  com- 
bination with  carbon  when  complex  carbon-compounds  are 
absorbed  by  the  plant. 

Oxygen  is  absorbed  in  combination  with  carbon,  as  CO^  and 
with  hydrogen,  as  H2O,  and  in  many  of  the  inorganic  salts  of  the 
food,  snch  as  sulphates,  phosphates  and  nitrates,  as  well  as  in  more 
complex  carbon-compounds.  Oxygen  is  also  absorbed  uncombined, 
in  connexion  with  the  catabolic  processes,  in  respiration. 

Nitrogen,  which  is  an  essential  constituent  of  proteid  substan- 
ces, is  only  exceptionally  assimilated  in  the  free  form ;  although 
it  is  present  in  large  quantities  in  the  atmosphere,  a  plant  perishes 
if  the  soil  in  which  it  grows  contains  no  compounds  of  nitrogen. 
Nitrates  and  compounds  of  ammonia  are  widely  distributed,  and 
it  is  in  this  form  that  nitrogen  is  mainly  taken  up  by  plants ;  it 
seems  probable  that  plants  possessing  chlorophyll  absorb  their 
nitrogen  in  the  form  of  nitrat-es  only. 

Although  it  is  usual  to  manure  green  crops  with  ammonia-compounds  {e.g. 
sulphate  of  ammonia),  tbe  nitrogen  is,  nevertheless,  absorbed  in  the  form  of 
nitrates.  For  there  exist  in  the  soil  certain  Schizomycetes,  termed  Nitro- 
bacteria^ which  oxidise  tbe  ammonia-compoun*ls  present  to  nitrites,  and  these 
again  to  nitrates.    This  oxidising  process  is  termed  nitiyication. 

Nitrogen  may  be  also  absorbed,  at  any  rate,  by  parasites,  sapro- 
phytes, and  carnivorous  plants,  in  the  form  of  nitrogenous  carbon- 
compounds  (see  pp.  710,  692). 

Although  it  is  generally  true  that  plants  cannot  assimilate  uncombined  nitro- 
gen, nevertheless  certain  plants  (Papiliouete,  such  as  Peas,  Beans,  etc.)  will 
t'row  and  flourish  in  a  soil  from  which  all  traces  of  nitrogen-compounds  have 
leen  carefully  removed.  Tbe  nature  of  tbe  means  by  which  this  result  is  at- 
tained is  not  yet  completely  determined,  but  tbe  principal  facts  are  briefly  as 
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follows.  In  the  first  place,  the  roots  of  these  papilionaoeons  plants  have  heen 
found  to  bear  pecaliar  gall-like  outgrowths  termed  tubercles,  which  seem  to 
be  more  numerous  and  larger  the  smaller  the  proportion  of  combined  nitrogen 
contained  in  the  soil.  The  tubercles  are  the  result  of  the  attack  of  a  fungus 
which  penetrates  into  the  root  through  the  root-hairs.  The  green  plant  and 
the  fungus  appear  to  exist  in  a  state  of  symbiosis  (p.  278),  as  in  the  case  of  the 
myoorhiza  already  mentioned,  with  the  result  that  the  green  plant  is  adequately 
supplied  with  combined  nitrogen  although  growing  in  a  soil  from  which  such 
compounds  are  originally  absent.  In  explanation  of  these  facts  there  can,  first, 
be  no  doubt  tbat  the  supply  of  combined  nitrogen  obtained  by  the  green  plant 
is  ultimately  derived  from  the  free  nitrogen  of  the  atmosphere ;  and,  secondly, 
that  the  supply  is  not  obtained  from  the  atmosphere  directly  by  the  leaves,  but 
indirectly  by  the  roots  through  the  soil.  Nor  can  there  be  much  doubt  that  the 
tubercles  are  associated  with  the  process  of  the  assimilation  of  the  free  nitro- 
gen :  but  it  is  a  question  whether  this  process  takes  place  in  the  tubercle  itself ; 
or  whether  it  is  not  carried  on  in  the  soil  by  a  Schizomycete,  which  may  either 
be  derived  from  the  tubercles,  or  be  an  independent  organism.  It  seems  prob- 
able that  the  latter  suggestion  is  nearer  the  truth.  It  is,  in  fact,  known  that 
a  bacterioid  organism  exists  in  the  soil  having  the  property  of  forming  nitro- 
genous compounds  from  free  nitrogen  in  the  presence  of  non-nitrogenous  organic 
substance  (e.g.  glucose).  It  may  be  that  the  development  of  this  organism  is 
especially  favoured  by  the  presence  of  the  tubercular  roots  of  the  Papilioncffi 
in  the  soil,  and  that  the  nitrogenous  substances  which  it  produces  are  absorbed 
by  the  roots  after  having  undergone  nitrification  (see  p.  712). 

The  tubercles  are  structures  formed  by  the  hypertrophy  of  the  cortex  of  the 
root,  resulting  from  the  attack  of  the  fungus  at  various  points  :  their  cells  are 
rich  in  sugar  and  starch :  the  branches  of  the  mycelium  penetrate  most  of  the 
cells,  and  there  bud  off  innumerable  gemmules  (sometimes  called  bacterioids). 
The  tubercle  eventually  becomes  disorganised;  the  gemmules  are  then  set 
free  into  the  soil,  and  are  doubtless  the  means  by  which  other  roots  become 
attacked  by  the  fungus. 

Sulphury  which  is  a  constituent  of  proteids  and  a  few  other 
substances  occurring  in  plants,  such  as  oil  of  Mustard,  is  deiived 
from  the  sulphates  of  the  soil. 

Fhosphorus  is  absorbed  from  the  soil  in  the  form  of  phosphates, 
and  enters  into  the  composition  of  some  of  the  proteid  substances ; 
phosphates  constitute  a  large  proportion  of  the  ash  of  seeds. 

As  regards  Chlorine,  it  has  been  experimental Ij  proved  so  far  to 
be  indispensable  in  the  case  of  one  plant  only,  the  Buckwheat 
(Polygonum  Fagopyrum). 

Iron,  though  it  is  met  with  in  very  small  quantities,  is  absolutely- 
necessary  for  the  formation  of  chlorophyll.  The  leaves  produced 
by  plants  which  are  not  supplied  with  iron  during  their  growth, 
are  white  so  soon  as  their  own  store  of  iron  is  exhausted ;  these 
leaves,  which  are  said  to  be  chlorolic,  become  green  in  consequence 
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of  the  formation  of  chlorophyll  if  the  soil  be  supplied  with  iron, 
or  even  if  their  surface  is  washed  with  a  very  weak  solution  of 
iron. 

Potassium  is  found 'in  plants  in  the  form  of  salts  combined  with 
various  organic  acids,  as  tartaric  acid,  malic  acid,  and  oxalic  acid. 
Unless  the  soil  contains  potassium-compounds,  the  assimilation  of 
carbon  dioxide  by  plants  possessing  chlorophyll  does  not  go  on, 
as  is  shown  by  the  fact  that,  under  these  circumstances,  the  plant 
does  not  increase  in  dry  weight.  Potassium-salts  are  especially 
abundant  in  those  parts  of  the  plant  which  are  rich  in  carbo- 
hydrates such  as  starch  and  sugar,  as  in  potatoes,  beet-roots,  and 
fruits. 

Calcium  and  Magnesium  have  been  shown  to  be  necessary  to  the 
normal  development  of  plants :  they  are  absorbed  as  nitrates,  phos- 
phates and  sulphates,  and  thus  serve  as  bases  for  the  absorption 
of  these  other  important  elements.  Little  is  known  as  to  their 
direct  use :  they  may  be  of  importance  in  neutralising  the  organic 
acids  (especially  oxalic)  formed  in  the  plant;  and  calcium,  at 
least,  is  of  importance  in  connexion  with  the  distribution  of  carbo- 
hydrates in  the  plant.  They  occur  in  the  plant  as  salts  of  lime 
and  magnesia  in  combination  with  both  organic  and  inorganic 
acids. 

It  has  been  discovered  by  experimental  cultures,  that  a  plant 
can  be  perfectly  nourished  if  it  is  supplied  with  all  those  elemen- 
tary substances  which  have  been  enumerated  as  essential.  This 
might  be  done,  for  instance,  by  growing  it  in  a  watery  solution  of 
either  of  the  two  following  groups  of  chemical  compounds : 

1.  2. 

Calcium  nitrate  Calcium  nitrate 

Potassium  nitrate  Ammonium  nitrate 

Potassium  superphosphate  Potassium  sulphate 

Magnesium  sulphate  Magnesium  phosphate 

Feri'ous  phosphate  Ferrous  chloride. 
Sodium  chloride. 

In  these  two  mixtures,  as  well  as  in  others  of  the  same  acids  and 
bases  which  might  be  formulated,  all  the  essential  elements  are 
included  in  forms  suitable  for  absorption ;  the  proportion  of  mixed 
salts  should  not,  however,  exceed  about  3%  by  weight  of  the 
liquid. 
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4  8  12  5 

FiO.  471.— Water-cultures  of  Buckwheat  (after  Nobbe). 

No.  1.  Plant  grown  in  normal  solutioD. 
,,    2.       ,t  „  f,  „  without  potassium. 

,,   3.       ,,  „  „  ,,  with  sodium-salts  instead  of  potassium. 

,«    4.       ,,  ,,  „  „  without  calcium. 

,,   6.       „  „  „  „  without  nitrates  or  salts  of  ammonia. 

This  method  of  experimental  eulttire,  which  is  known  as  water- 
culture,  has  been  of  the  greatest  service  in  determining  which  are 
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the  essential  mineral  elements  of  the  food,  and  of  aAcertaining  the 
physiological  significance  of  these  elements  in  the  metaholism  of 
the  plant. 

The  following  is  a  brief  account  of  the  non-essential  mineral 
constituents  of  the  food. 

Silicon,  is  absorbed  from  the  soil  as  silica  (SiO^)  or  as  silicates. 
It  cannot  be  regarded  as  of  nutritive  impoi-tance,  since  plants 
which  are  usually  rich  in  silica  can  be  brought  to  an  apparently 
normal  development  under  conditions  which  render  the  absorption 
of  silica  impossible.  It  is  usually  deposited  it  the  cell-walls,  as  in 
Diatoms,  Equisetum,  many  Grasses,  etc. 

Iodine  and  Bromine  are  found  in  the  many  marine  plants, 
especially  in  Algce,  and  are  prepared  from  them ;  it  is  not  known 
that  they  are  of  any  value  in  the  economy  of  the  plant. 

Sodium,  being  universally  distributed,  is  found  in  plants. 

Lithium  occurs  in  the  ash  of  several  plants,  particularly  in 
Tobacco. 

Zinc,  Copper,  and  other  metals,  though  they  are  not  commonly 
present  in  the  ash  of  plants,  are  nevertheless  taken  up  by  plants 
from  soils  which  are  rich  in  them ;  from  this  it  appears  that 
plants  may  absorb  substances  which  are  not  necessary  and  may 
be  even  injurious. 

3.  Anaholism.  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
complex  substances  from  simpler  ones  (p.  669).  Of  these,  those 
which  are  undergone  by  the  food  of  the  plant  constitute  assimi- 
lation. 

In  the  case  of  plants  which  contain  chlorophyll,  the  first  step 
in  the  assimilation  of  the  food  is  the  construction  of  a  carbon- 
molecule  which  contains  hydrogen  and  oxygen.  The  process  may. 
be  represented  by  the  following  equation 

C03  +  H,0  =  CH,0  +  0,. 

That  some  process  of  the  kind  takes  place  is  proved  by  the  fact 
that  when  green  plants  are  placed  under  the  necessary  conditions, 
that  is,  when  they  are  supplied  with  carbon  dioxide,  with  water 
and  with  salts  from  the  soil,  and  are  exposed  to  light,  they  gain  in 
weight  in  consequence  of  an  increase  in  the  amount  of  their  diy 
organic  substance,  and  they  give  off  oxygen.  Moreover,  the 
volume  of  the  free  oxygen  evolved  is  actually  equal  to  that  of  the 
carbon  dioxide  absorbed,  as  indicated  in  the  equation. 
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There  are  three  points  connected  with  the  performance  of  this 
process  which  require  special  notice :  the  part  played  by  the 
mineral  food,  the  action  of  light,  the  function  of  chlorophyll. 

With  regard  to  the  first  point,  it  appears  that  the  process  in 
question  cannot  be  performed  nnless  potassium-salts  are  supplied 
to  the  plant.  There  is  no  reason  to  believe  that  this  metal  takes 
any  direct  part  in  the  process  ;  but  it  has  an  indirect,  though  none 
the  less  well-marked  effect  npon  it  (see  p.  714). 

The  importance  of  exposure  to  light  is  briefly  this.  The 
chemical  process  represented  in  the  foregoing  equation  is  one  which 
involves  the  doing  of  work  ;  for,  from  the  simple  and  stable  mole- 
cules, CO2  and  HoO,  a  more  complex  and  less  stable  molecule  CHjO 
is  produced.  Work  cannot  be  done  without  energy,  and  the  plant 
cannot  evolve  in  itself  the  energy  necessary.  It  avails  itself,  there- 
fore, of  the  kinetic  or  radiant  energy  of  the  sun's  rays.  Hence 
the  importance  of  exposure  to  light  is  that  the  plant,  by  absorbing 
the  light-rays,  obtains  the  energy  required  for  the  chemical  work 
which  has  to  be  done. 

Next,  as  to  the  function  of  chlorophyll.  The  function  of  chloro- 
phyll is  to  serve  as  the  means  by  which  the  rays  of  light  are 
absorbed,  and  their  energy  made  available  for  the  performance  of 
the  chemical  work  by  the  protoplasm  with  which  the  chlorophyll 
is  associated.  When  light  which  has  passed  through  a  solution  of 
chlorophyll  is  examined  with  a  spectroscope,  the  spectrum  is  seen 
to  present  certain  dark  bands,  known  as  absorption-bands,  in  the 
red,  yellow,  green,  blue,  and  violet,  the  band  in  the  I'ed  being  the 
most  conspicuous.  These  bands  indicate  that  certain  of  the  rays 
of  the  solar  spectrum  do  not  pass  through  the  chlorophyll,  but  are 
arrested  and  converted  into  another  form  of  energy.  It  is  this 
energy  which,  in  the  living  plant,  the  chlorophyll  places  at  the 
disposal  of  the  protoplasm  for  the  construction  of  an  organic 
molecule  out  of  carbon  dioxide  and  water,  as  expressed  in  the  fore- 
going equation.  Protoplasm  without  chlorophyll  is  incapable  of 
making  use  of  the  kinetic  energy  of  the  rays  of  light  for  the  per- 
formance of  this  chemical  work. 

The  product  of  this  process  of  carbon-assimilation  is  (as  indi- 
cated in  the  foregoing  equation)  a  non -nitrogenous  organic  sub- 
stance having  the  composition  of  a  carbohydrate.  A  leaf  which 
is  actively  assimilating  carbon  under  the  influence  of  light  is 
generally  found  to  contain  relatively  large  quantities  of  carbo- 
hydrate, in  the  form  either  of  sugar  or  starch. 
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The  performance  of  this  process  can  be  readily  demonstrated. 
If  a  water-plant  {e.g.  a  leaf  of  Potamogeton  natans,  or  a  portion  of  the 

shoot  of  Elodea  canadensis)  be 
placed  in  water  which  holds 
carbon  dioxide  in  solution,  and 
be  exposed  to  sunshine,  it  will 
be  seen  that  from  the  cut  sur- 
face of  the  leaf  or  stem  bubbles 
of  gas  are  given  oflF  at  regular 
intervals  (Fig.  475).  These 
consist  of  oxygen. 

Pio.   475.— Evolution  of  oxygen  from  a  *'  ^ 

water-plant  {EJodkM.  canadeiisM)  r  a  the  cat  The  relation  of  light  and  of  chloro- 

stem ;  g  a  weight  that  keeps  the  stem  in  its  ^  jj  ^^  ^^  evolution  of  oxygen  by  a 

place ;  0  the  gas-bubbles  rising  from  the  cut  "   "        ,      ..      ....     ,     ...     ._,    *  . 

I  green  plant  is  strikingly  lUastrated  by 

means  of  an  aerobic  Bacterium  (Bac- 
terium Termo)^  which  is  highly  sensitive  to  the  presence  of  oxygen.  If  a  fila- 
mentous Alga  be  placed  under  a  cover-slip  on  a  slide  under  the  microscope,  in 
water  containing  numerous  Bacteria,  the  Bacteria  will  be  seen  to  collect  along 
the  filament,  attracted  by  the  free  oxygen  which  is  being  evolved.  The  same 
preparation  will  serve  to  show  which  are  the  rays  of  light  most  active  in  the 
process.  If,  instead  of  ordinary  white  light,  a  spectrum  be  reflected  by  the 
mirror  of  the  microscope  on  to  the  slide  bearing  the  Alga  and  the  Bacteria,  the 
Bacteria  will  not  be  distributed  uniformly  along  the  filament,  as  in  white  light, 
but  will  aggregate  at  certain  points  (more  especially  in  the  red  and  in  the 
blue),  which  correspond  with  the  principal  absorption-bands  of  the  chlorophyll- 
spectrum. 

The  relation  of  light  and  of  chlorophyll  to  the  formation  of  organic  sub- 
stance by  a  green  plant  can  be  demonstrated  by  the  starch-method.  For 
instance,  if  a  leaf  of  a  starch-forming  plant,  which  has  been  exposed  to  bright 
light  for  some  hours,  be  removed,  decolourised  by  alcohol  and  tested  with  iodine, 
it  will  assume  a  dark  blue  colour,  showing  an  abundant  accumulation  of 
starch.  If  a  leaf,  still  on  the  plant,  be  exposed,  not  to  white  light,  but  to  a 
spectrum,  the  starch  will  be  found  to  have  accumulated  in  these  portions  of  the 
leaf  upon  which  have  fallen  the  rays  of  light  which  correspond  to  the  principal 
absorption-bands  of  the  chlorophyll-spectrum. 

The  process  under  consideration  is  one  of  fundamental  impor- 
tance. It  is  the  great  process  in  nature  by  which  organic 
substance  is  constructed,  and  in  which  kinetic  energy  absorbed 
from  without  is  converted  into  the  potential  energy  of  chemical 
combination.  For  the  energy  of  the  rays  of  light  which  is  used  in 
the  construction  of  the  organic  substance  is  not  lost,  but  is  simply 
converted  into  another  form,  and  it  can  be  recovered  by  undoing 
the  chemical  work  which  has  been  performed.  When  a  piece  of 
wood  or  of  coal  is  burned,  the  heat  and  the  light  which  are  given 
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out  represent  the  energy  whicli  was  used  by  the  plant  in  cob- 
strneting  the  organic  substance  of  which  the  wood  and  the  coal 
consist,  and  which  exists  in  them  as  the  potential  energy  of 
chemical  combination.  To  put  the  matter  more  definitely ;  if  the 
organic  substance  which  has  been  formed  by  a  green  plant  under 
the  influence  of  light  according  to  the  equation 

COj  +  HgO^CHgO  +  Oj 
be  burned,  the  chemical  process  is  precisely  reversed,  according 
to  the  equation 

CH20  +  02  =  C02  +  H20, 
and  precisely  the  same  amount  of  energy  is  evolved  in  the  kinetic 
state  in  the  second  process,  as  was  stored  up  in  the  potential  state 
in  the  first. 

It  is,  generally  speaking,  only  plants  possessing  chlorophyll 
Which  can  produce  organic  substance.  Inasmuch,  therefore,  as 
organisms,  whether  plants  or  animals,  which  do  not  possess  chloro- 
phyll require  for  their  nutrition  more  or  less  complex  organic 
substances,  they  are  entirely  dependent  for  their  food  upon  organ- 
isms which  do  possess  chlorophyll. 

To  this  general  rale  ezoeptioni  are  offered  by  certain  Sohizomycetes.  Thus 
tome  Bacteria  {e.g.  B,  photometricum)  contain  a  purple  colouring-matter 
(bacterio-purparin),  but  no  chlorophyll :  they  are,  however,  capable  of  forming 
organic  matter  with  evolution  of  oxygen  when  exposed  to  light ;  the  bacterio- 
purparin  appears  to  perform  essentially  the  same  physical  function  as 
chlorophyll,  though  it  does  not  absorb  the  same  rays  of  light.  Again,  other 
Bacteria,  such  as  the  Sulphur-baeteria  (Sulphobacteria)^  the  Iron-bacteria  {Ferro- 
bacteria),  and  the  nitrifying  Bacteria  {Nitrobacteria)  produce  organic  substance, 
althoDgh  they  possess  no  chlorophyll,  and  do  so  quite  independently  of  light, 
the  necessary  energy  being  obtained  in  other  ways  (see  p.  731). 

This  process  is  also  of  great  importance  in  another  direction. 
All  living  organisms,  speaking  generally,  absorb  free  oxygen  and 
evolve  carbon  dioxide  in  respiration.  Those  organisms  which 
possess  chlorophyll  prevent  the  excessive  accumulation  of  carbon 
dioxide  in  the  atmosphere,  and  keep  up  the  supply  of  free  oxygen, 
in  that,  under  the  influence  of  light,  they  absorb  the  former  gas 
from  the  air,  and  replace  it  by  an  equal  volume  of  the  latter. 

The  characteristic  difference  between  the  anabolic  capacity  of 
plants  which  do  and  of  those  which  do  not  possess  chlorophyll  is 
then  this,  that  the  former  can  produce,  from  carbon  dioxide  and 
water,  assimilable  or  plastic  substances  containing  the  elements 
C,  H,  and  O,  whereas  the  latter  cannot  produce  these,  but  must 
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be  supplied  with  them  as  food.  From  this  point  onwards  the 
anabolic  processes  in  the  two  cases  are,  as  far  as  is  known,  identi- 
cal. From  the  simpler  plastic  sabstances  containing  C,  H,  and  O, 
whether  they  have  been  formed  from  C0|  and  H9O  in  the  one  case, 
or  have  been  absorbed  as  organic  food  from  without  in  the  other, 
other  more  complex  substances  such  as  sugar,  etc.,  are  formed, 
probably  by  the  polymerisation  or  condensation  of  the  simpler 
molecules.  Further,  the  nitrogen  of  the  food,  absorbed  either  as 
nitrates  or  salts  of  ammonia,  is  worked  into  the  anabolic  processes, 
so  that  nitrogenous  organic  substance  is  produced.  Probably  the 
first  formed  nitrogenous  substances  are  comparatively  simple 
crystallisable  substances,  such  as  asparagin  and  leucin,  which 
belong  chemically  to  the  amides  (see  p.  707).  The  next  step  is 
doubtless  the  formation  of  those  more  complex  nitrogenous  sub- 
stances, the  proteids,  and  here  sulphur,  and  phosphorus  in  some 
cases,  is  introduced  into  the  molecule;  and  finally  the  series  of 
assimilatory  processes  concludes  with  the  formation  of  molecules 
of  protoplasm. 

Comparatively  little  is  known  as  to  the  details  of  nitrogenous 
anabolism ;  but  there  is  evidence  to  show  that,  in  green  plants,  the 
assimilation  of  the  nitrates  (see  p.  712),  and  probably  also  of  the 
sulphates  and  phosphates,  of  the  food  can  only  go  on  in  the  pre- 
sence of  light ;  and  when  it  is  borne  in  mind  that  these  salts  are, 
like  carbon  dioxide,  highly  oxidised  substances,  it  is  not  surprising 
that  the  conditions  for  the  reducing  process  in  the  one  case  should 
obtain  also  in  the  others.  And  further,  there  is  evidence  to  show 
that  the  next  step  in  nitrogenous  anabolism,  the  production  of 
proteids  from  amides,  is  also  dependent  not  merely  upon  exposure 
to  light,  but  upon  the  coincidence  oC  this  with  the  other  conditions 
necessary  to  the  assimilatory  function.  For  instance,  asparagin 
(whether  formed  anabolically  or  catabolically)  will  accumulate  in 
a  shoot  kept  in  the  dark,  although  carbohydrates  may  also  be  abun- 
dantly present :  it  will  also  accumulate  if  the  shoot  be  exposed  to 
light,  but  in  an  atmosphere  deprived  of  COj :  whereas  it  will  not 
accumulate  in  a  shoot  exposed  to  light  under  conditions  which 
enable  the  shoot  to  assimilate  carbon  dioxide.  How  and  where 
this  formation  of  proteids  from  amides  takes  place  is  not  accu- 
rately known.  But  there  is  some  evidence  that,  for  instance,  in 
the  leaf  of  a  vascular  plant,  the  process  is  carried  on  in  the  com- 
panion-cells of  the  sieve- tissue  or  their  physiological  equivalents. 
It  appears  that  the  amides  formed  in  the  green  assimilating  cells 
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are  collected  into  this  tissue,  and  there  undergo  farther  anabolism 
into  the  proteids  to  be  foand  in  the  sieve-tubes. 

Inasmuch  as  plants  destitute  of  chlorophyll  absorb  their  nitrogenous  food  in 
the  form  of  ammoDia- compounds  (see  p.  712)  or  of  organic  nitrogen-compounds, 
it  is  intelligible  that  exposure  to  light  is  not  an  essential  condition  of  their 
nitrogenous  assimilation. 

These  various  assimilatorj  processes  are  not,  however,  carried 
on  simaltaneouslj  with  equal  activity.  In  plants  which  contain 
chlorophyll,  when  under  conditions  favourable  for  carbon-assimi- 
lation, the  construction  of  non-nitrogenous  organic  substance  from 
COg  and  HgO  appears  to  be  the  most  active  process,  for  an  accumu- 
lation of  non-nitrogenous  organic  substance  can  be  detected  in 
the  green  parts  of  these  plants  when  assimilation  is  being  carried 
on.  Most  commonly  this  excess  of  non-nitrogenous  organic  sub- 
stance is  accumulated  in  the  form  of  starch -granules  which  are 
formed  in  the  chloroplastids ;  less  commonly  in  the  form  of  sugar 
which  is  held  in  solution  in  the  cell-sap  (e.g.  leaves  of  Onion). 
This  excess  of  non-nitrogenous  organic  substance  in  the  green 
parts  soon  disappears,  however,  when,  by  withdrawal  from  the 
influence  of  light,  its  farther  formation  is  arrested.  For  instance, 
if  a  plant  which  has  been  exposed  to  light  and  whose  leaves  are 
rich  in  starch,  be  placed  in  the  dark  for  some  hours,  the  starch 
will  then  be  found  to  have  almost  or  entirely  disappeared. 

The  organic  substance  resulting  from  the  anabolism  of  the 
plant,  is  partly  used  in  the  growth  of  the  plant,  in  forming  new 
protoplasm,  cell-walls,  etc.,  and  is  partly  stored  up,  in  various 
organs,  in  the  form  of  reserve  materials  which  serve  either  for  the 
growth  of  the  plant  itself  at  a  subsequent  period  (roots,  tubers, 
etc.),  or  for  the  nutrition  of  new  individuals  in  the  early  stages  of 
their  growth  (spores,  seeds,  etc.). 

4.  Catabolism,  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
simple  substances  from  more  complex  ones. 

The  chief  physiological  importance  of  the  catabolic  processes  is 
this :  that,  inasmuch  as  they  consist  in  the  decomposition  of 
relatively  complex  and  unstable  substances  into  others  which  are 
relatively  simple  and  stable,  they  necessarily  involve  a  conversion 
of  potential  into  kinetic  energy  ;  and  it  is  by  means  of  the  kinetic 
energy  so  evolved  that  the  plant  exhibits  those  phenomena,  such  as 
growth,  movement,  etc.,  which  characterise  it  as  a  living  organism. 
The  degree  of  activity  of  life  depends  directly  upon  the  degree  of 
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caiabolic  activity  ;  when  catabolism  ceases,  life  ceases  ;  the  organ* 
ism  is  dead.  A  good  illustration  of  this  is  afforded  bj  the  scarcely 
perceptible  catabolism  of  seeds,  bulbs,  etc.,  when  quiescent,  and 
their  very  active  catabolism  when  they  begin  to  germinate. 

The  catabolic  processes  of  the  plant  are  carried  on  either  by  the 
iving  protoplasm  itself,  or  by  means  of  cert-ain  substances  formed 
by  the  protoplasm,  which  are  termed  unorganised  ferments  or 
enzymes. 

The  catabolic  processes  carried  on  by  the  protoplasm  are  mainly 
such  as  depend  upon  the  absorption  of  free  oxygen  from  without, 
and  are  accompanied  by  an  evolution  of  carbon  dioxide ;  in  fact  this 
gaseous  interchange  between  the  plant  and  its  environment,  termed 
JRespiration,  is  the  external  manifestation  of  the  performance  of 
these  catabolic  pi*ocesses.  The  seat  of  these  processes  is  the 
protoplasm,  and  it  is  mainly  the  molecules  of  protoplasm  that  are 
decomposed ;  in  other  words,  just  as  the  construction  of  the  pro- 
toplasm-molecule is  the  ultimate  result  of  anabolism,  so  the 
decomposition  of  the  protoplasm-molecule  is  the  central  fact  of 
catabolism. 

The  significance  of  the  absorption  of  free  oxygen  in  connexion 
with  catabolism  appears  to  be  this :  the  chemical  decompositions 
which  constitute  catabolism  involve  a  certain  expenditure  of 
energy,  though  the  amount  thus  expended  is  yery  much  less  than 
the  amount  evolved  by  the  decompositions ;  the  smaller,  then,  the 
the  amount  of  the  energy  expended,  the  greater  will  be  the  amount 
of  available  kinetic  energy  in  the  plant :  now  the  entrance  of  free 
oxygen  into  the  decompositions  facilitates  their  performance,  so  that, 
under  these  circumstances,  the  largest  amount  of  kinetic  energy  is 
evolved  at  the  smallest  initial  expenditure. 

The  reason,  then,  why  most  plants  die  when  they  are  deprived 
of  free  oxygen,  is  that  they  are  unable  to  carry  on,  under  these 
circumstances,  those  catabolic  processes  by  which  the  kinetic 
energy  essential  to  the  maintenance  of  life  is  evolved ;  just  as  a 
fire  goes  out,  that  is  the  oxidation  of  the  coal  stops,  nnder  the 
same  conditions. 

Though  it  may  be  generally  stated  that  living  plants  at  all 
times  absorb  free  oxygen,  and  that  the  maintenance  of  life  depends 
upon  a  constant  absorption  of  free  oxygen,  yet  there  are  excep- 
tions. There  are,  for  instance,  certain  Fungi,  such  as  Yeast  and 
Bacteria,  which  can  live  in  the  absence  of  free  oxygen.  They  are 
unable,  under  these  conditions,  to  carry  on  what  may  be  termed 
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the  normal  oxidative  catabolic  processes  ;  bat  thej  carrj  on  other 
processes  of  decomposition  into  which  free  oxygen  does  not  enter, 
provided  that  suitable  material  is  accessible ;  the  processes  are 
termed  fermentations.  Thus,  Bacteria  cause  putrefaction  and 
other  similar  fermentations  in  the  most  various  organic  substances 
with  which  they  happen  to  come  into  contact.  Similarly  Yeast  is 
the  cause  of  the  alcoholic  fermentation  of  sugar,  which  may  be  re- 
presented by  the  equation 

CeHijOe  =  2C2H^O  +  2C08. 

These  fermentative  catabolic  processes  involve,  like  the  oxida- 
tive catabolic  processes,  an  evolution  of  kinetic  energy,  but  this 
is,  generally  speaking,  attained  by  a  greater  initial  expenditure. 
Yeast,  for  instance,  certainly  thrives  better  when  it  can  obtain 
free  oxygen  than  when  it  cannot ;  but  many  of  the  Bacteria  have 
become  so  completely  adapted  to  a  life  based  upon  fermentative 
catabolism,  that  they  die  if  they  come  into  relation  with  free 
oxygen  (anaerohia). 

Yeast,  Bacteria,  and  other  plants  which  can  excite  fermentation 
are  termed  organUed  ferments^  inasmuch  as  they  are  complete 
living  organisms  and  as  their  power  of  exciting  fermentation 
depends  upon  their  being  alive,  in  contradistinction  to  the  un- 
organised ferments  or  enzymes  already  mentioned,  which  are  not 
organisms,  but  simply  chemical  substances  which  may  be  pre- 
pared and  kept  under  conditions  which  would  be  fatal  to  life. 
The  peculiar  properties  of  the  unorganised  ferments  can,  however, 
be  very  readily  destroyed,  as,  for  instance,  by  boiling  or  otherwise 
heating. 

The  chief  kinds  of  enzymes  which  have  been  found  in  plants 
are: — 

1.  Those  that  act  on  carbohydrates,  converting  the  more 
complex  and  less  soluble  carbohydrates  into  others  of  simpler 
composition  and  greater  solubility. 

2.  Those  that  act  on  fats,  decomposing  them  into  glycerin  and 
fatty  acid. 

3*  Those  that  act  on  glucosides,  glucose  being  a  constant  product. 

4.  Those  that  act  on  the  more  complex  and  less  soluble  proteids, 
converting  them  into  others  which  are  more  soluble  and  probably 
less  complex,  or  decomposing  them  into  non-proteid  nitrogenous 
substances  (amides,  etc.). 

The  chemical  action  of  some  of  these  enzymes  are  illustrated  by  the  following 
equations : — 
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1.  Conversion  of  itaroh  into  sugar  {amylolytie  enzyme,  oommonly  termed 
diastase)  :— 

Starch.  Maltose.    Dextrin. 

8  (Cefe,oO»)+H,0-C„H„0„+CeH,o05 

2.  Conversion  of  cane-sngar  into  grape-sagar  (invert  enzyme)  :— 

Cane-Bogar.  Dextrose.    Levnlose. 

C,^«0,i + H,0  -  CeHijOe+ CeHuOe 
8.  Action  of  fat-enzyme : — 

Oleln.  Oleic  acid.    Glycerin. 

C»7Hio40e + 3H,0  -  8Ci8H840, + CaHeOa 
4.  Action  of  glucoside-enzyme ;  the  instance  taken  is  the  decompoeition  of 
the  glacoside  amygdalin  in  the  Bitter  Almond  by  the  ferment  termed  synaptase 
or  emulsin : — 

Amjgdalin.    Oil  of  bitter  almonds.  Pmssio  acid.    Olacose. 
C,oH„NO„  +  2H,0     -     C,HeO     +     HCN     +     2(C»H„0«) 
It  will  be  noted  that,  in  every  case,  the  action  of  the  ferment  involves  the 
taking  up  of  one  or  more  molecules  of  water. 

The  action  of  the  enzymes  which  act  on  proteids  (proteolytie  enzymes)  can- 
not be  represented  by  equations,  inasmuch  as  no  formuls  for  the  various 
proteids  have  st  present  been  arrived  at.  It  may  be  generally  stated  that  their 
effect  is,  like  those  of  the  other  forms,  to  induce  decomposition  with  the  assump- 
tion of  water.  The  proteolytic  ferments,  acting  some  in  an  acid  medium,  others 
in  an  alkaline,  convert  the  more  complex  proteids,  such  as  globulins,  into  the 
simpler  peptone ;  and  further  cause  the  decomposition  of  peptone  into  amides, 
such  as  asparagin,  leucin,  and  tyrosln. 

The  chief  importance  of  the  Qnoi*gBni8ed  ferments  in  the 
economy  of  the  plant  is  that  by  their  means  the  reserve  materials, 
which  are  accamnlated  to  such  a  large  extent  in  the  form  of 
substances,  such  as  starch,  fat,  cellnlose,  proteids  of  alearon- 
grains,  which  are  either  not  soluble  in  water,  or  if  soluble  are 
only  slightly  diffusible,  are  converted  into  substances,  snch  as 
amides  and  certain  sngars,  which  are  both  readily  soluble  and 
diffusible,  and  which  can  therefore  travel  osmotically  from  one 
part  to  another.  For  instance,  as  mentioned  above,  the  excess  of 
carbohydrate  formed  in  the  leaves  when  they  are  actively  assimi- 
lating, is  commonly  stored  up  in  the  form  of  starch.  This  carbo- 
hydrate is  eventually  conveyed  to  other  parts  of  the  plant ;  but, 
since  starch  is  insoluble,  it  cannot  be  conveyed  in  that  form  ;  it  is, 
in  fact,  converted  into  maltose  by  an  amylolytie  ferment  present 
in  the  leaves,  and  it  is  in  this  form  that  non-nitrogenous  organic 
substance  is  conveyed  away  from  the  leaf  where  it  has  been 
produced.  Other  striking  illustrations  of  the  importance  of 
ferment-action  are  to  be  found  in  the  chemical  changes  going  on 
in  germinating  seeds,  bulbs,  tubers,  etc.     When  a  starchy  seed, 
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or  a  starchy  tnber  like  the  potato,  germinates,  the  starch-grains 
are  gradaallj  dissolved,  the  starch  being  converted  into  maltose. 
When  the  tnber  of  the  Dahlia  or  Artichoke,  which  contains  inulin 
as  the  non-nitrogenons  reserve  material,  germinates,  the  inulin 
disappears  and  is  gradually  replaced  by  grape-sagar.  When  an 
oily  seed  germinates,  the  oil-drops  become  less  and  less  apparent, 
as  the  oil  is  gradually  decomposed  by  ferment-action  into  glycerin 
and  fatty  acids ;  the  next  step  is  the  formation  of  carbohydrate 
(sugar  or  starch),  probftbly  from  the  products  of  the  decomposition 
of  the  oil,  a  pi*ocess  which  involves  the  absorption  and  fixation  of 
oxygen,  since  carbohydrates  contain  a  higher  percentage  of  oxygen 
than  does  any  form  of  fat  or  oil ;  and  then,  finally,  any  starch 
so  formed  is  converted  into  sugar.  Similarly,  the  alearon-grains 
in  a  germinating  seed  gradually  disappear,  the  indiff usible  proteids 
composing  them  being  decomposed  by  the  action  of  a  proteolytic 
enzyme  into  peptone,  and  then  into  amides,  in  which  form  they 
are  convejed  osmotically  to  the  growing  embryo.  Finally,  it  is 
obvious  that  the  indiffnsible  proteids  which  are  conveyed  from 
part  to  part  in  the  sieve-tisHue  of  vascular  plants  (see  p.  705) 
must  eventually  be  distributed  osmotically  in  the  form  of  dif- 
fnsible  compounds,  probably  amides,  to  the  adjaoent  parenchy- 
matous tissues,  and  it  is  probable,  thoagh  not  yet  ascertained,  that 
here  again  a  proteolytic  enzyme  is  involved. 

It  is  worthy  of  note  that  the  chemical  decompositions  effected 
by  the  agency  of  the  enzymes  do  not'  involve  either  an  absorption 
of  oxygen  or  an  evolution  of  carbon  dioxide,  whereas  this  is  the 
case  in  the  decompositions  effected  by  the  agency  of  living  proto- 
plasm. But  to  the  latter  general  rule  there  are  some  exceptions. 
Thus,  it  has  been  observed  that  snccnlent  plants,  such  as  Cactacese, 
Crassalaceea,  etc.,  absorb  free  oxygen  without  exhaling  any  carbon 
dioxide ;  but  it  has  farther  been  found  that,  under  these  circum- 
stances, there  is  an  accumulation  of  organic  acids  (especially 
malic)  in  the  tissues.  The  explanation  is  this:  that,  owing  to 
some  peculiarity  in  their  catabolic  process — possibly  to  the  im- 
perfect aeration  of  their  tissues — instead  of  producing  the  very 
simple  substance  carbonic  acid,  which  would  be  exhaled  in  the 
form  of  the  gas  COj,  these  plants  produce  more  complex,  less 
highly-oxidised  carbon-acids,  which  are  not  volatile  at  ordinary 
temperatnres,  and  which  therefore  remain  in  the  cells  of  the 
plant:  these  acids  (at  least  malic  acid)  subsequently  undergo 
decomposition  under  the  influence  of  light  with  the  formation  of 
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carbohydrates.  Again,  the  decompositions  effected  by  organised 
ferments  (e,g.  alcoholic  fermentation)  commonly  involve  an  evolo- 
tion  of  carbon  dioxide  without  any  corresponding  absorption  of 
oxygen. 

Respiration,  This  term  is  applied  to  the  gaseons  interchange, 
consisting  in  the  absorption  of  free  oxygen  and  the  evolution  of 
carbon  dioxide,  which  takes  place  (with  but  few  exceptions)  be- 
tween the  living  plant  and  the  atmosphere,  and  which  may  be 
regarded  as  the  external  expression  of  the  oxidative  catabolic 
process  going  on  in  the  tissue  of  the  plant.  This  gaseons  inter- 
change  goes  on  over  the  whole  surface  of  the  body  ;  but  in  those 
parts  which  possess  stomata  or  lenticels,  it  is  mainly  conducted 
•through  these  apertures. 

Respiration  seems  to  be  somewhat  diminished  under  the  in- 
fluence of  bright  light ;  but  its  activity  is  promoted  by  a  rising 
temperature,  and  to  some  extent  by  greater  moistness  of  the  air. 
The  relation  to  temperatare  is  such  that  respiraticm  takes  place 
at  temperatures  even  slightly  below  0°C. ;  that  it  ncreases  in 
intensity  with  a  rise  of  temperature,  but  in  grater  proportion, 
up  to  an  optimum  of  40°-45° ;  and  then  sinks  as  the  temperature 
further  rises  until  the  fatal  degree  is  reached. 

The  relation  of  the  volume  of  the  gases  absorbed  and  evolved 
in  respiration,  that  is,  of  oxygen  and  carbon  dioxide,  is  a  matter 
of  importance.  It  may  be  generally  stated  that  the  relation  is 
definite  and  constant  for  any  given  plant,  or  for  any  part  of  it,  at 
a  given  stage  of  development,  all  other  conditions  being  constant : 
the  proportion  ^  may  be  unity,  or  less  or  more  than  unity, 
according  to  the  nature  of  the  plant  under  experiment,  and  is 
not  affected  either  by  temperature  or  by  light. 

As  illustrating  the  possible  extremes  of  variation  in  the  proportion,  the 
following  cases  may  be  mentioned.  In  sucoolent  plants,  when  in  darkness, 
(see  p.  725)  oxygen  is  absorbed,  but  no  carbon  dioxide  is  evolved :  and  on  the 
*6ther  hand,  when  Yeast  and  Bacteria,  or  germinating  seeds,  or  parts  of  plants 
(fruits,  leaves,  etc.),  are  kept  in  an  atmosphere  destitute  of  free  oxygen,  they 
evolve  carbon  dioxide :  again,  at  periods,  such  as  a  certain  stage  in  the  germi- 
nation of  seeds,  the  opening  of  buds  and  flowers,  when  the  activity  of  respira- 
tion is  intense,  the  proportion  ^  is  at  a  maximum,  though  it  rarely  ex- 
ceeds  unity,  that  is,  the  evolution  of  CO,  is  relatively  large ;  whereas  during 
periods  of  more  normal  respiratory  activity,  the  proportion  of  carbon  dioxide 
evoWed  is  smaller.  The  variations  in  the  proportion  ^  are  the  expression 
of  the  varying  nature  of  the  catabolic  processes  going  on  daring  different  stages 
in  the  life  of  the  plant  or  of  any  of  its  parts. 
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5.  The  Proilucts  of  Metabolism.  The  illation  between  the 
anabolism  and  the  eatabolism  of  the  plant  may  be  generally  stated 
thus,  that  the  eonstraction  of  organic  substance  in  the  former  is 
greater  than  the  decomposition  of  it  in  the  latter,  so  that  on  the 
whole  there  is  an  aocamalation  of  organic  substance  in  the  body  of 
the"  plant.  The  organic  substance  is  accumulated  to  some  extent 
in  the  actual  structure  or  fabric  of  the  plant,  as  protoplasm  and 
cell-wall,  and  to  some  extent  in  the  form  of  compounds  which 
may  be  present  in  some  or  all  of  the  cells,  but  which  do  not 
constitute  any  portion  of  the  fabnc.  These  compounds  may  or 
may  not  be  of  nutritive  value;  in  the  former  case  they  are  termed 
plastic  products,  in  the  latter  waste-products,  of  metabolism  (see  p. 
670.) 

The  most  important  of  the  plastic  products  are  enumerated  be- 
low. They  are  all  found  accumulated  as  reserve  materials  in 
various  parts  of  plants,  though  some  of  them  (e.^.  amides,  glucose, 
maltose)  are  more  especially  the  forms  in  which  organic  substance 
is  distribuyd  throughout  the  plant. 

Non-nitrogenous  reserve  materiaU : — 

a.  Carbohydrates  ;   in    solid    granules,  staroh;    in  many    seeds,  and 
tubers, 
in  thickened  cell- walls,  cellulose;  as  in  Date-seed, 

Coffee-seed,  Vegetable  Ivory, 
dissolved  in  cell-sap ;  grape-sugar,  as  in  the  Onion 
and  in  fruits ;  cane-sugar,  as  in  the  Sugar-cane  and 
the  Beetroot;  inulin,  as  in  the  Jerusalem  Artichoke 
and  Dahlia. 
h.  Fats ;  in  drops  in  many  seeds  (Rape,  Linseed,  Castor-oil,  Palm,  etc.). 
Vitrogemtm  reserve  materiaU  : — 

a.  Proteids ;  in  solid  granules  (aleuron ;  p.  112),  in  seeds,  more  espe- 
cially oily  seeds ;  or  in  the  cytoplasm  (e.g.  latex). 
6.  Amides ;  asparagin,  etc.,  in  solution  in  the  cell-sap  of  bulbs,  tubers, 
bulbous  roots,  etc. 

With  regard  to  the  mode  of  formation  of  these  substances, 
some  of  them  are  certainly  produced  both  synthetically  and  ana- 
lytically, that  is,  both  in  anabolism  and  in  eatabolism,  whereas 
others  are  only  produced  in  one  or  other  of  these  ways. 

Fat9  and  Carbohydrates.  There  is  some  evidence  that  fats  are  formed  in  the 
eatabolism  of  protoplasm  :  that  is,  that  in  the  decomposition  of  the  proto- 
plasmic molecule,  fat  is  frequently  one  of  the  products :  there  is  also  reason  to 
believe  that  the  purely  reserve  oarbohydratefi,  starch,  cane-sugar,  and  cellulose, 
have  a  similar  origin.  The  other  sugars  (glucose,  maltose)  may  be  formed 
auabolically,  but  are  also  formed  by  enzymes  from  the  reserve  carbohydrates. 
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Organic  acid$.  It  is  scaroely  possible  to  make  any  general  statement  as  to 
either  the  origin  or  the  fate  of  these  sabBtances  which  are  so  largely  present 
in  plants.  They  are  probably  formed  mainly  by  normal  oxidative  catabolie 
processes,  but  the  formation  of  some  of  them  {e,g,  oxalic  acid)  is  at  the  nune 
time  closely  allied  with  certain  anabolic  processes  in  the  plant :  howeyer,  there 
is  no  doubt  that  they  are  not,  as  was  formerly  held,  ever  formed  synthetiemUy. 
The  more  complex  acids  may  certainly  be  looked  upon  as  plastic  substances : 
for,  in  succulent  plants  (see  p.  725)  it  has  been  found  that  the  malic  add,  which 
accumulates  in  the  tissues  during  darkness,  is  decomposed  by  the  green  parts 
in  the  light,  with  evolution  of  oxygen  and  formation  of  less  highly  oxidised 
organic  substance  (carbohydrate).  In  fact,  the  process  of  assimilation  of  these 
acids  is  essentially  the  same  as  that  of  carbon  dioxide,  the  only  difference  being 
that  carbon  dioxide  is  more  highly  oxidised  than  are  these  more  complex  aeids, 
but  the  conditions  of  the  process  are  identical  in  the  two  cases.  These  organic 
acids  are  of  considerable  physiological  importance  in  effecting  the  decomposi- 
tion of  the  salts  {e.g.  nitrates,  sulphates,  phosphates)  absorbed  from  the  soil. 

Amidfg  are  formed  both  in  anabolism  (p.  720),  and  in  catabolism  (p.  725). 

ProteicU  may  all  be  formed  in  anabolism ;  and  the  simpler  forms  (peptones) 
in  catabolism.  It  is  a  question  whether  or  not  the  more  complex  proteids  may 
not  be  formed  by  dissooiatioo  of  the  molecule  of  protoplasm. 

The  waste^oducts  Kve  most  probably  all  formed  as  the  result  of 
catabolie  processes ;  though  their  formation  is  often  associated, 
both  as  to  time  and  place,  with  active  anabolism.  They  may  be 
classified  into  nitrogenons  and  non-nitrogenous. 

The  principal  nitrogenous  waste-products  appear  to  be  the 
alkaloids  (see  p.  707).  They  are  probably  products  of  the  niti-o- 
genous  catabolism  of  plants ;  and  it  is  suggestive  that  they  prin- 
cipally occur  deposited  in  the  cells  of  deciduous  parts,  such  as 
leaves,  seeds,  bark,  etc. 

The  principal  non-nitrogenous  wast^-prodocts  are,  water ;  free 
oxygen  (green  plants  in  light) ;  carbon  dioxide,  and  some  other 
highly  oxidised  carbon-acids,  such  as  the  oxalic ;  resins  and  ethereal 
oils,  tannins,  aromatic  substances,  etc. 

Of  these  waste- products,  some  are  retained  in  the  cells  of  the 
plant,  whereas  others  are  thi-owu  off  or  excreted.  The  nitrogenous 
waste- products  are  deposited  either  in  cells  or  in  the  laticiferous 
tissue :  there  is  practically  no  excretion  of  such  wast<e- products  by 
plants.  Similarly,  those  of  the  non-nitrogenous  waste- prod  nets 
which  are  not  gaseous  at  ordinary  temperatures,  are  retained  by 
the  plant.  For  instance,  oxalic  acid  is  deposited  in  the  form  of 
crystals  of  calcium  oxalate  either  in  the  cavities  or  in  the  walls 
of  the  cells  (see  pp.  108,  113)  :  the  crystals  may  have  either  six 
molecules  of  water  of  crystallisation,  when  they  are  quadratic ;  or 
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two  molecules,  when  they  are  prismatic  (raphides).  The  resins 
and  ethereal  oils  are  nsually  excreted  by  the  cells  in  which  they  are 
formed,  into  intercellular  spaces  (resin-ducts,  oil-glands,  see  p.  138): 
the  tannins  are  mostly  stored  in  cells,  dissolved  in  the  cell-sap. 

Some  general  idea  may  be  formed  as  to  the  relation  of  these  substances  to 
the  catabolio  processes  by  a  consideration  of  the  origin  of  oxalic  acid  and  of 
tannin  in  the  plant :  tbe  matter  has  been  more  fally  investigated  xvith  refer- 
ence to  these  substances  than  to  any  others,  and  the  results  in  these  two  cases 
correspond  in  a  remarkable  manuer. 

In  the  first  place,  both  these  substances  are  abundantly  formed  in  connexion 
with  active  chemical  change  of  the  plastic  substances  (probably  the  nitro- 
genous) supplying  the  demands  of  a  growing  part :  for  instance  they  are 
abundant  in  seedlings,  in  developing  shoots,  roots,  etc.  This  formation,  which 
is  quite  independent  of  light,  is  distinguished  as  primary ^  and  the  calcium 
oxalate  and  the  tannin  thus  formed  remain  permanently  in  the  cells  in  which 
they  are  formed  :  the  primary  calcium  oxalate  is  characterised  by  the  prismatic 
form  (raphides).  A  tecondary  formation  of  both  these  substances  takes  place  in 
green  parts  of  plants  exposed  to  light,  in  leaves  for  instance  :  they  are  formed 
so  abundantly  under  these  circumstances  that  they  must  be  continually  trans- 
ported (in  solution  by  osmosis)  from  the  seat  of  formation  to  other  parts,  for 
instance,  from  the  leaves  to  the  stem.  This  secondary  formation  is  associated, 
not  with  the  assimilation  of  carbon  dioxide,  but  with  the  formation  of 
nitrogenous  organic  substance  (see  p.  720) :  but  though  associated  with  this 
anabolic  activity,  the  actual  process  of  formation  of  these  two  substances  is 
probably  not  synthetic,  but  analytic ;  it  is  a  catabolio  process  which  necessarily 
accompanies  the  anabolic. 

The  oxyjjfen  which  is  set  free  in  connexion  with  the  decomposi- 
tion of  CO9  in  the  green  parts  under  the  influence  of  light,  is 
exhaled  in  the  gaseous  form ;  this  is  also  the  case,  for  the  most 
part,  with  the  watery  vapour  and  the  carbon  dioxide  pi*oduced  in 
catabolism.  In  some  cases,  however,  some  portion  of  the  carbon 
dioxide  forms  calcium  carbonate,  which  is  either  deposited  in  the 
solid  form  (e.g.  cystoliths,  see  p.  108),  or  is  excreted  by  means  of 
the  chalk-glands  (p.  137). 

In  some  cases,  substances  of  nutritive  value  are  excreted  by 
plants,  as  for  instance,  the  sugary  liquid  known  as  nectar  by 
special  glands,  the  nectaries  (see  p.  679),  of  flowers,  and  the 
digestive  liquid  poured  out  by  the  glands  of  the  cai*nivorons  plants. 
This  loss  of  substance  is,  however,  compensated  for  by  the  advan- 
tages gained  by  the  excretion.  The  nectar  attracts  insects,  and  so 
ensures  ci'oss-fertilisation,  and  the  excretion  of  the  carnivorous 
plants  results  in  the  digestion  of  the  entrapped  insects  (see  p.  711). 

The  mechanism  of   excretion  may  be  generally  illustrated  by 
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reference  to  two  cases  :  to  the  nectaries,  and  to  the  chalk-glands. 
The  former  afford  an  example  of  that  mode  of  excretion  in  which 
the  necessary  force  is  sopplied  by  the  excreting  cells  themselves : 
the  latter,  of  that  mode  in  which  the  necessary  force  is  derived 
from  another  source.  Excretion  by  nectaries  can  be  well  observed 
in  the  case  of  Fritillaria  imperialis  (Fritillary,  or  Crown  Imperial). 
At  the  base  of  each  of  the  petals  of  the  flower,  there  is  an 
oval  depression  which  is  the  gland  or  nectary  and  is  seen  to  be 
occupied  by  a  large  drop  of  nectar.  If  the  flower  be  cat  off,  and 
the  drop  be  removed  from  the  nectary  by  means  of  blotting-paper, 
it  will  be  shortly  replaced  by  a  fresh  drop.  It  is  therefore  clear 
that  in  this  case  the  excretion  of  the  liquid  is  effected,  not  by  the 
root-pressure,  for  the  flower  is  no  longer  in  connexion  with  the 
root,  but  by  the  cells  themselves.  The  mechanism  of  excretion 
seems  to  be  this,  that  the  cells  of  the  nectary  become  turgid,  and 
when  a  certain  degree  of  turgidity  has  been  attained,  filtration 
under  prossuro  (see  p.  669)  takes  place,  and  liquid  is  pressed  out. 
Excretion  by  chalk-glands  can  be  well  observed  in  some  of  the 
Saxifrages.  The  chalk-glands  are  here  situated  at  the  end  of  the 
finer  vascular  bundles  round  the  margin  of  the  leaves,  each  gland 
being  at  the  bottom  of  a  depression  in  the  surface,  and  communi- 
cating with  the  surface  by  two  or  three  water- stomata  (see  p.  157). 
So  long  as, the  leaf  is  in  connexion  with  the  rest  of  the  plant,  and 
provided  that  transpiration  is  not  too  active,  drops  of  water  hold- 
ing chalk  in  solution  are  poured  out  by  these  glands  on  to  the 
surface  through  the  water-stomata.  The  excretion  stops,  however, 
directly  the  leaf  is  removed,  or  the  stem  is  cut  through.  In  this 
case  the  excretion  clearly  depends  upon  the  root-pressure ;  the 
gland  itself  has  no  excreting  power,  but  it  simply  accumulates 
the  chalk  which  is  then  washed  out  by  the  current  of  water 
forced  through  the  gland  by  the  root-pressure. 

6.  The  Supply  and  the  Escpetiditure  of  Energy.  It  has  been 
already  insisted  upon  that  a  living  organism  must  be  supplied  not 
only  with  matter,  but  also  with  energy.  The  principal  sources  of 
the  supply  of  energy  will  now  be  briefly  considered. 

a.  All  plants  absorb  kinetic  energy  in  the  form  of  heat  (see 
p.  671). 

b.  Plants  which  possess  chlorophyll  absorb  kinetic  energy  in  the 
form  of  light,  the  rays  absorbed  being  those  which  correspond  to 
the  absorption- bands  of  the  chlorophyll-spectrum  (see  pp.  674 
and  717). 
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c.  Plants  which  do  not  possess  chlorophyll  are  unable  to  absorb 
kinetic  energy  in  the  form  of  light,  but  they  obtain  their  supply 
in  other  ways.  For  instance,  it  has  been  pointed  out  (p.  711) 
that  these  plants  require  more  or  less  complex  carbon-compounds 
as  food :  the  significance  of  this  fact  is  not  only  that  these  plants 
are  unable  to  produce  these  compounds  for  themselves  from  carbon 
dioxide  and  water,  but  further,  that  these  compounds  represent 
potential  energy  which,  in  the  decomposition  of  these  compounds 
in  the  body  of  the  plant,  is  evolved  in  the  kinetic  form :  hence 
these  organic  food-substances  supply  the  plants  not  merely  with 
matter,  but  also  with  energy. 

Plants  without  chlorophyll  also  obtain  energy  by  yet  other  means.  For 
instance,  when  sugar  is  fermented  by  Yeast  (see  p.  728),  there  is  a  considerable 
evolution  of  energy,  and  this  is  the  true  significance  of  the  process  from  the 
point  of  view  of  the  Teaat-plant :  similarly,  Bacteria  cause  various  putrefac- 
tive and  other  fermentations  which  are  attended  by  an  evolution  of  energy. 
In  these  cases  it  would  appear  that  the  plant  avails  itself  of  the  kinetic  energy 
evolved  in  the  fermentative  process. 

A  few  cases  have  been  investigated  among  Schizomycetes  in  which  the  supply 
of  kinetic  energy  is  obtained  by  oxidative  processes :  this  occurs,  for  instance, 
in  the  case  of  the  nitrifying  organisms  {Nitrobacteria)  whieh  oxidise  ammonia 
compounds  to  nitrites,  and  nitrites  to  nitrates,  in  the  soil :  in  the  case  of  the 
Sulphobacteria  which  oxidise  hydrogen  sulphide  (HsS)  with  the  formation  of 
sulphates :  and  iu  the  case  of  the  Ferrohacteria  which  oxidise  ferrous  to  ferric 
salts  (see  p.  719). 

The  energy  obtained  in  any  of  these  ways  is  of  primary  impor- 
tance in  the  anabolism  of  the  plant :  it  is  concerned  with  the 
building  up  of  more  and  more  complex  organic  compounds  and 
with  the  nutrition  of  the  protoplasm ;  and  in  as  far  as  these  com- 
pounds, such  as  carbohydrates,  proteids,  etc.,  accumulate  in  the 
plant,  in  so  far  is  potential  energy  accumulated  likewise.  But, 
inasmuch  as  the  catabolic  processes  are  at  the  same  time  in  con- 
stant operation,  there  is  going  on  in  the  plant  a  constant  conversion 
of  potential  into  kinetic  energy,  a  considerable  proportion  of  which 
is  dissipated  or  lost  to  the  plant. 

Energy  is  most  commonly  dissipated  in  the  form  of  heat,  in  a 
few  cases  in  the  form  of  light,  and  also  commonly  in  the  form  of 
movement.  The  evolution  of  heat  by  plants  is  not  usually 
snfi&cient  to  cause  the  temperature  of  the  plant-body  to  be  higher 
than  that  of  the  surrounding  air.  This  is  partly  due  to  the  fact 
that  the  catabolic  processes  of  plants  are  not  genei'ally  very  active, 
and  partly  to  the  continual  loss  of  heat  by  radiation  and  in  con- 
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nexion  with  transpiration.  It  is  however  easy,  under  appropriate 
conditions,  to  demonstrate  the  evolution  of  heat.  If  a  quantity  of 
seeds  be  made  to  genninate  in  a  heap,  they  will  be  found  to  be 
distinctly  warm  (Fig.  476).  This  happens  on  a  large  scale  in  the 
process  of  malting  barley.  When  a  large 
quantity  of  barley- grains  are  germinat- 
ing on  a  malting-floor,  they  become  quite 
hot :  they  have,  in  fact,  to  be  continually 
turned  to  prevent  overheating.  The 
conditions  are  here  most  favourable : 
for  the  catabolio  processes  are  extrenlely 
active  in  germinating  seeds,  and  there 
is  but  little  loss  of  heat  by  radiation 
and  transpiration.  Similar  observations 
may  be  made  with  opening  flower-buds, 
the  opening  of  the  bud  being  also  a 
period  of  great  catabolic  activity.  In 
some  cases,  as  in  the  AracesB,  where  the 
inflorescence  consists  of  a  great  number 
of  flowers  which  open  simultaneously, 
and  which  are  protected  by  a  large  leaf, 
the  spathe,  a  rise  of  temperature  as 
much  as  18®  C.  has  been  observed. 

The  few  plants  in  which  an  evolution 
of  energy  in  the  form  of  light  has  been 
clearly  established  are  all  Fung^i.  It  is 
commonly  termed  phosphorescence.  The 
so-called  phosphorescence  of  decaying 
wood  is  due  to  the  presence  of  the  my- 
celium of  Agaricus  melleus,  and  that  of 
putrifying  meat  and  vegetables  to  Schi- 
zomycetes  of  the  nature  of  Micrococci. 
Various  other  species  of  Agaricus  have 
been  found  to  be  luminous. 

Movement  of  some  kind  is  manifested 
by  all  plants.  All  plants  exhibit  that 
slow  movement  which  is  termed  growth : 
in  many,  there  is  a  more  or  less  well- 
marked  movement  of  the  protoplasm  in 
the  cell  or  cells  of  which  the  plant-body 
consists,  which  is  known  as  cyclosiSj  cir- 


Pig.  476.— AppAratns  for  de- 
tecting the  riAe  of  temperature 
in  small  opening  flowers  or  ger- 
minnting  seeds.  The  seeds  are 
heaped  as  closely  as  po->8ible  in 
the  funnel  r  which  is  inserted 
into  the  mouth  of  a  bottle  con- 
taining a  solution  of  oanstic 
potash.  This  absorbs  the  car- 
bon dioxide  produced  by  respl- 
ration.  The  whole  is  enclosed 
in  a  glass  vessel,  and  a  delicate 
thermometer  is  inserted  through 
the  cotton  wool  which  doses 
the  mouth.  The  bulb  of  the 
thermometer  is  plunged  in 
among  the  seeds.  The  tempera- 
ture  in  this  apparatus  will  be 
higher  than  in  another  ai-ranged 
in  the  same  way  for  comparison, 
and  in  which  the  flowers  or 
seeds  are  replaced  by  scraps  of 
paper,  etc. 
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culatioii,  or  rotation :  some  are  capable  of  locomotion  daring  the 
whole  or  a  portion  of  their  life,  a  peculiarity  which  is  shared  hy 
many  reproductive  cells,  such  as  zoospores  and  spermatozoids :  in 
some  cases,  the  floral  or  the  foliage- leaves  of  the  plant  can  perform 
movements,  as  the  foliage-leaves  of  the  Sensitive  Plant,  of  the 
Telegraph- plant,  of  Bionma  musdpula  (Venns  Fly-trap),  the 
stamens  of  Berberis  and  of  the  Cynareoa,  or  portions  of  leaves  as 
the  tentacles  of  Drosera  (Sun-dew,  see  p.  711).  These  movements 
are  considered  in  detail  in  the  next  chapter. 

The  connexion  between  these  various  forms  of  dissipation  of 
energy  and  the  catabolic  processes,  is  clearly  demonstrated  by  the 
fact  that  any  change  which  prejudicially  affects  the  activity  of 
catabolism,  similarly  affects  the  dissipation  of  energy.  For 
instance,  in  the  absence  of  free  oxygen,  a  condition  which 
diminishes  catabolic  activity  in  most  cases,  germinating  seeds  or 
.  opening  flowers  cease  to  evolve  heat ;  the  luminous  Fiingi  cease  to 
emit  light ;  growth,  and  the  other  more  conspicuous  movements 
are  arrested :  similar  effects  are  produced  by  exposure  to  a  low 
temperature. 

The  main  facts  of  the  metabolism  of  the  plant  may  be  clearly 
summed  up  in  a  general  table  of  the  income  and  expenditure,  such 
as  the  following.  It  may  be  explained  that  in  this  table  account 
is  taken  of  only  that  portion  of  the  water  absorbed  from  without 
which  actually  enters  into  the  metabolism ;  the  remainder,  which 
simply  traverses  the  plant  to  be  exhaled  as  vapour  in  transpiration, 
is  not  considered.  Under  the  head  of  **  incidental  losses  "  are 
included  the  loss  of  organic  substance  connected  with  throwing 
off  reproductive  cells,  such  as  spores  and  spermatozoids,  or  other 
reproductive  organs  such  as  seeds,  bulbils,  etc. ;  and  the  loss 
accompanying  the  shedding  of  leaves,  etc.,  in  the  case  of  plants 
which  live  through  more  than  one  period  of  growth. 
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PlaKT  P08SK88IMO  ChLOBOPHTLL. 


Income, 
Hatter. 
Food;  viz. 
InorgaDio  salts. 
Carbon  dioxide. 
Water. 
Free  oxygen. 


Expenditnre. 
1.  Matter, 

a.  Accumulated, 
Organic  substance  of  ti&snes 
(protoplasm,      cell  -walls, 
etc.). 
Reserve    materials    (starch, 
sogar,  fats,  proteids,  etc.). 
Unexcreted    organic    watte- 
products    (tannins,    alka- 
loids, acids,  etc.). 
Mineral  matter  of  ash. 
6.  Dissipated, 
Carbon  dioxide*)  in    respira- 
Water  J      tion. 

Free  oxygen  (evolved  by  green 

parts  in  light). 
Incidental  losses  (reproduc- 
tion, etc.) 
II.  Energy, 

a.  Accumulated, 
Potential     energy     of     the 
accumulated  organic  8ab> 
stance  (see  above). 
h.  Dissipated, 
Heat. 

Light  (in  rfome  eases). 
Movement  (indudinggrowth). 
Potential  energy  (in  connex- 
ion   with    the    incidental 
losses  of  organic  substance, 
as  above). 

In  the  case  of  plants  which  do  not  possess  chlorophyll,  the  account  must  be 
altered  thus  :— 


II,  Enerffy, 
Heat. 

Light  (absorbed   by  chloro- 
phyll). 


Income, 
I.  Matter, 

Food;  viB. 
Inorganic  Salts. 
Organic  matter. 
Water. 
Free  oxygen  (in  most  cases). 
II.  Energy, 
Heat. 

PoUntial  energy  of  organic 
food. 


Expenditure, 
Same  as  in  plant  possessing 
chlorophyll,  except  that  no 
free  oxygen  is  given  off. 
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CHAPTER  III. 
SPECUL  PHYSIOLOGY  OP  MOVEMENT. 

§  10.  Introductory.  The  movements  to  be  specially  con- 
sidered  here  are  such  as  may  be  characterized  as  vital ;  that  is, 
they  are  essentially  manifestations  of  the  life  of  the  protoplasm. 
This  statement  is  rendered  necessary  by  the  fact  that  movements 
do  occur  in  plants  which  are  dependent  upon  purely  physical 
causes ;  instances  of  these  are  afforded  by  the  rupture  of  pollen- 
sacs  and  other  sporangia,  the  twisting  and  untwisting  of  awns  (as 
in  the  fruits  of  Erodium,  p.  612,  and  Stipa,  p.  548),  the  bursting 
of  fruits  (as  in  the  Balsam,  Impattens  Noli-me-tangere,  and  the 
Squirting  Cucumbers,  such  as  Ecbalium,  Momordica,  and  Elater- 
ium).  These  movements  may  be  due,  in  the  simpler  cases,  either 
to  expansion  and  contraction  of  hygroscopic  cell-walls  resulting 
from  variations  in  the  moisture  of  the  air,  or  to  the  imbibition 
with  water  and  the  consequent  swelling-up  of  mucilaginous  sub- 
stances in  the  cells;  in  the  more  complicated  cases  the  movement 
depends  upon  tensions  set  up  between  different  layers  of  tissue  in 
consequence  of  unequal  expansion. 

The  vital  movements  are  either  spontaneous  or  induced.  In  the 
former  case  they  are  the  result  of  causes  operating  in  the  or- 
ganism itself ;  in  the  latter,  they  are  the  result  of  causes  acting 
upon  the  organism  from  without. 

The  following  are  the  principal  phenomena  of  movement  ex- 
hibited by  plants;  the  streaming  movement  of  protoplasm 
(cyclosis)  ;  the  expansion  and  contraction  of  contractile  vacuoles ; 
the  locomotion  of  entire  organisms ;  the  movements  of  cellular 
members. 

§  11.  Automatism.  The  spontaneous  movements  may  be 
conveniently  considered  under  the  two  heads  of  movements  of 
protoplasm,  and  movements  of  cellular  members, 

A,  Movements  of  Protoplasm,  Under  this  head  are.  included 
such  spontaneous  movements  as  can  be  directly  observed  in  the 
protoplasm.  The  first  to  be  noted  is  the  streaming  movement, 
which  can  be  frequently  observed  either  in  naked  protoplasm  (e.gr. 
Plasmodia  of  Myxomycetes),  or  in  the  protoplasm  of  coenocytes 
clothed  by  a  cell-wall  (e.g,  hyphaB  of  Fungi),  or  in  that  of  cells 
(e.g,  leaf  of  Elodea  and  Vallisneria,  intemodal  cells  of  Charaeeae, 
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root-hairs  of  Trianea  hogotensis,  hairs  of  the  stamens  of  Trades- 
cantia,  etc.).  The  moyement  takes  place  in  the  more  fluid  por- 
tion of  the  protoplasm,  and  is  made  evident  by  the  granules  of 
various  kinds  which  are  carried  along  by  the  currrent.  The 
direction  of  the  movement  varies  somewhat  according  to  circum- 
stances :  the  current  travels  in  one  direction,  and  this  simple 
longitudinal  movement  is  all  that  can  be  observed  in  plasmodia 
and  in  hyphaB ;  but  in  cells,  owing  to  their  shortness,  it  can  be 
observed  to  travel  up  one  long  side,  across  the  end,  and  down  the 
other  side ;  and  when  the  cytoplasm  forms  not  merely  a  parietal 
layer,  but  has  strands  traversing  the  vacuole  (e.g.  Fig.  46  I>), 
currents  can  be  observed  in  these  strands  also. 

The  contractile  vactioles  (see  p.  102)  are  small,  more  or  less 
nearly  spherical,  cavities  which  make  their  appearance  in  the 
protoplasm  and  then  suddenly  disappear.  In  their  relatively 
slow  expansion  (diastole),  they  become  filled  with  cell-sap,  which 
is  forced  out  on  the  sudden  contraction  (systole).  They  have 
been  exclusively  found  in  motile  organisms,  such  as  Volvox, 
Gonium,  Eudorina,  the  plasmodia  of  Myxomycetes,  the  soospores 
of  many  Algaa  and  6f  some  Fungi. 

In  the  second  place  the  protoplasmic  movements  which  involve 
locomotion  have  to  be  considered*  The  simplest  case  of  this  is  the 
amoeboid  movenlent  exhibited,  among  plants,  by  the  zoospores  of 
the  Myxomycetes  and  of  some  Algse,  and  by  the  naked  masses  of 
protoplasm  which  constittite  the  plasmodia  of  the  Myxomycetes. 
There  is  here  no  specialised  motile  organ,  but  any  part  of  the 
protoplasm  may  be  protruded  as  a  pseudopodium  into  which  the 
remainder  of  the  protoplasm  gradually  flows,  and  thus  locomotion 
of  the  whole  is  effected. 

The  locomotory  movements  of  most  zoospores,  of  spermatozoids, 
and  of  entire  organisms  such  as  Volvox,  Pandorina,  etc.,  among 
Alg89,  is  effected  by  means  of  specialised  motile  organs,  which  are 
delicate  protoplasmic  filaments  termed  cilia  (see  p.  102) ;  each 
cell  may  have  one,  two,  four,  or  many  cilia  (see  Figs.  168,  177, 
181,  etc.). 

Locomotion  is  also  exhibited  by  other  Algas,  each  as  Diatoms,  OsoiUatorias, 
etc.,  as  also  bj  some  Sohizomycetes,  but  the  mechanism  is  not  folly  und^- 
stood. 

B.  Movements  of  Cellular  Members,  Instances  of  the  move- 
ment of  parts  of  plants  consisting  of  one  or  more  cells  having  a 
cell- wall,  are  afforded  by  all  giH>wing  members,  and  by  some 
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specially  modified  mature  members  ;  the  movements  of  the  latter 
are  termed  movements  of  variationj  those  of  the  former,  m^ovemsnts 
of  growth. 

These  two  kinds  of  movements  can  be  readily  distinguished 
from  each  other,  inasmuch  as  the  movements  of  variation  are 
rapid  and  can  be  easily  observed,  whereas  the  movements  of 
growth  are  slow  and  can  only  be  followed  by  means  of  special 
apparatus. 

o.  Movements  of  Variation,  The  majority  of  the  movements  of 
variation  are  induced,  a  few  only  being  spontaneous.  Instances 
of  spontaneous  movement  are  afforded  by  the  rising  and  falling  of 
the  lateral  leaflets  of  the  trifoliolate  leaf  of  Besmodium  gyrans,  the 
Telegraph-plant ;  by  the  oscillation  of  the  labellum  of  Megacltnium 
falcatum^  an  African  Orchid;  by  the  bending  upwards  and  down- 
wards of  the  gynostemium  of  Stylidium  (Candollea)  adnatum 
(see  p.  692).  It  must,  however,  be  pointed  out  that  the  power  of 
spontaneous  movement  may  be  possessed  by  plants  though  they  do 
not  manifest  it  under  ordinary  circumstances.  Thus  the  leaves 
of  the  Sensitive  Plant  (Mimosa  pudica)  move  spontaneously  in 
darkness,  but  they  will  not  do  so  in  the  light.  This  is  also  true 
of  Tarious  LeguminosaB  and  Ozalidaceae. 

b.  Movements  of  Qrowth,  Before  entering  upon  a  description 
of  the  movements  of  growth,  a  clear  idea  must  be  formed  of  what 
growth  really  is.  By  growth  is  meant  change  of  external  form, 
which  is  usually,  though  not  necessarily,  accompanied  by  increase 
in  bulk;  the  change  of  form  being  rendered  permanent  by  the 
deposition  of  new  substance :  it  is  a  function  of  embryonic  proto- 
plasm (see  p.  16). 

The  growth  of  the  plant-body  takes  place  to  a  greater  or  less 
extent  in  all  three  dimensions  of  space.  For  instance,  when  it 
takes  place  equally  in  all  three  dimensions,  a  spherical  body  is 
produced,  as  in  Protococcus  and  Volvox.  Occasionally  it  takes 
place  especially  in  two  dimensions,  the  result  being  a  flattened 
body,  such  as  a  Fem-prothallus  or  an  Ulva.  More  commonly, 
however,  it  takes  place  especially  in  one  direction,  so  that  the 
plant-body  assumes  an  elongated  form.  An  extreme  case  of  this 
is  afforded  by  Spirogyra  and  other  filamentous  Algae.  It  is  this 
growth  in  length  which  has  been  more  especially  studied  physio- 
logically, and  in  what  follows,  "  growth  **  may  be  taken  to  mean 
*'  growth  in  length,'*  unless  there  is  some  definite  statement  to  the 
oontraiy. 
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The  growth  in  length  of  the  plant-bodj  takes  place  at  first 
thronghont  its  whole  extent ;  but  at  a  later  period  it  is  limited,  as 
a  rale,  to  particular  regions  (see  p.  16).  In  the  growing  portion 
of  any  member  two  regions  may  be  distinguished :  the  formative 
region^  which  is  the  growing-point  proper:  and  the  region  of 
elongation  adjacent  to  it.  In  the  formative  region  the  constrnc- 
tion  of  the  new  tissue  from  plastic  substances  takes  place,  as  is 
specially  manifested  in  the  formation  of  cell-walls  accompany- 
ing the  cell-division  going  on  in  th,is  region  of  a  multicellular 
growing-point;  but  the  amount  of  elongation  is  slight.  In  the 
region  of  elongation,  the  formative  processes  have  ceased:  in 
multicellular  plants  little  or  no  cell-division  takes  place  in  this 
region ;  the  cells  are  here  fully  formed,  and  they  simply  require 
to  increase  in  bulk,  to  grow  in  fact,  in  order  to  attain  the  mature 
form.  Beyond  the  region  of  elongation  comes  the  portion  of  the 
member  which  has  already  ceased  to  grow.  It  must  be  clearly 
understood  that  each  portion  of  the  growing-point  passes  through 
these  three  phases.  For  instance,  in  a  multicellular  apical  grow- 
ing-point, each  cell  is  produced  in  the  formative  region  ;  and  as  in 
consequence  of  the  continued  formation  of  younger  cells  in  front 
of  it  at  the  apex,  it  comes  to  lie  at  an  increasing  distance  from 
the  apex,  it  passes  through  the  stage  of  growth,  to  become  an  adult 
tissue-element. 

The  movement  of  growth  in  length  is  altogether  spontaneous. 
It  may  be  generally  described  as  the  travelling  of  the  organic 
apex  in  a  line  which  is  the  continuation  of  the  longitudinal  axis 
of  the  growing  member.  Both  the  rate  and  the  direction  of 
growth  are  liable  to  variation,  which  may  be  either  spontaneous 
or  induced.  The  induced  variations  are  discussed  in  §  12,  p.  742. 
Variations  in  the  Bate  of  Grotcth.  The  rate  of  growth  of  a  grow- 
ing member,  as  also  that  of  each  of  its  constituent  cells,  is  not 
uniform.  When  a  member  begins  to  grow,  its  rate  of  growth  is 
at  first  slow  ;  it  then  accelerates,  until  a  maximum  rapidity  is 
attained ;  after  which  it  diminishes  until  growth  ceases  altogether. 
This  gradual  rise  and  fall  in  the  rate  of  growth,  extending  over 
the  whole  of  one  period  of  growth,  is  termed  the  grand  period  of 
growth. 

This  periodicity  is  manifested  also  in  each  cell  of  the.  growing 
region.  A  young  cell  grows  but  slowly;  as  it  becomes  older, 
and  is  gradually  removed  from  the  growing-point,  its  rate  of 
growth  increases  up*  to  a  maximum ;   as  it   becomes  still  older 
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and  is  still  more  remote,  the  rate  of  growth  sinks,  until  finally 
the  adult  stage  is  reached,  and  growth  ceases. 

Careful  observation  of  growing  members  has  shown  that,  in 
addition  to  the  spontaneous  variation  constituting  the  grand 
period  of  growth,  small  irregular  variations  are  constantly  taking 
place,  which,  since  they  are  apparently  spontaneous,  are  termed 
irregular  spontaneous  variations. 

Another  point  which  must  be  taken  into  account  is  the  energy 
of  growth ;  that  is,  the  relative  capacity  of  different  membera  for 
growth  in  length.  The  differences  in  the  energy  of  growth  in 
growing  members  manifest  themselves  in  differences  either  in  the 
length  of  the  grand  period,  or  in  the  rate  of  growth ;  in  other 
words,  members  may  grow  for  a  longer  or  shorter  time,  or  they 
may  grow  more  or  less  rapidly.  In  any  case  the  result  is  that 
members  attain  different  lengths.  For  instance,  it  is  easy  to 
observe  that  the  lower  internodes  of  most  stems  remain  short ; 
that  those  above  them  are  longer;  that 
those  of  a  certain  part  of  the  stem  are  the 
longest ;  and  that  the  upper  ones  again  are 
short.  In  the  same  way  the  size  of  the 
leaves  attached  to  these  various  pai*ts  of 
the  stem  increases  from  below  to  about 
the  middle,  and  then  diminishes. 

Variations  in  the  Direction  of  Growth, 
Although  it  is  true,  as  stated  above,  that 
the  result  of  growth  is,  generally  speaking, 
that  the  apex  of  the  growing  member  is 
moved  onwards  in  a  line  which  is  the  con- 
tinuation of  the  axis  of  the  growing  oi^n ; 
yet,  during  the  actual  process  of  growth, 
this  relation  of  position  is  not  maintained, 
because  the  rate  of  g^wth  is  at  no  time 
uniform  throughout  the  transverse  section 
of  the  region  of  elongation.  Suppose  a 
i-adial  stem  rising  vertically  from  the  soil; 
the  longitudinal  axis  of  the  fully  grown 
portion  of  this  stem  is  vertical,  but  this  is 
not  true  of  the  growing  portion.  If  the 
apex  be  looked  down  upon  from  above  it  will  be  seen  to  travel  in 
an  orbit  round  the  prolongation  of  the  longitudinal  axis  of  the  fully 
grown  portion,  in  the  manner  indicated  by  the  following  diagram. 


Fig.  477.— The  growing 
primary  root  of  the  Pea  iu 
(woatagea.  A  The  root  la 
marked  by  linea  at  equal  dia- 
tanoea.  IiiBthedifferenoea 
in  rapidity  of  growth  are 
perceptible :  the  oppermoet 
lines  have  not  been  sepa- 
rated; the  root  has  ceased 
to  grow  here.  The  lowest 
likewise  are  still  cIom  toge- 
ther; at  the  growing-poiut 
clwngatioa  has  not  taken 
place.  In  the  intermediate 
sone  the  elongaUon  has  been 
very  great. 
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Fie.  478.— Diagmm  illustrating  nntation  of  a  cjlindrical  stem,  m  seen  from  above: 
N,  B,  W,  B,  indicate  the  points  of  the  compass. 

The  small  upper  circle  divided  into  segments  represents  an  ideal  transyerse  section  nf 
the  natoting  region :  the  larger  circle  below  represents  the  orbit  of  natation,  and  the  small 
circles  upon  it  represent  different  positions  of  the  apex  of  the  stem  in  its  orbit ;  the  shaded 
8egm(>nt  indicates  alvvays  the  position  of  one  and  the  same  side  of  the  stem ;  the  small 
circle  in  the  centre  of  the  orbit  represents  the  position  of  the  apex  of  the  stem  were  it  not 
nutating,  but  were  it  in  a  straight  line  with  the  older  parts  which  have  ceased  to  grow. 
Assuming,  to  begin  with,  that  the  rate  of  growth  is  unlTorm  in  all  the  segments  of  tbs 
elongating  region,  then  the  position  of  the  apex  will  coincide  with  the  small  circle  in  the 
centre ;  but  the  growth  is  not  uniform,  being  more  active  on  one  side  than  on  the  others, 
say  in  segment  1 ;  then  segment  4  will  be  the  region  of  least  active  growth,  and,  as  a  con* 
sequence,  the  apex  of  the  stem  will  be  displaced  southwards  till  it  takes  up  a  position  I  in 
the  orbit ;  the  wave  of  rapid  growth  then  travels  from  segment  1  to  segment  2,  and  the  apex 
travels  from  position  I  to  II  in  the  orbit,  and  so  on,  until  the  apex  has  completed  Its  orbit 
and  returned  to  position  /.  It  will  be  observed  that  the  shaded  segment  always  faces  the 
ssme  side  (south)  in  all  positions  in  the  orbit;  natation  is  thos  not  accompanied  by 
torsion,  that  is,  by  twisting  of  the  member  about  its  own  axis.  In  this  case  the  direction 
of  natation  is  that  of  the  sun,  or  of  the  bands  of  a  watch. 
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.  In  this  case,  the  stem  being  radially  symmetrical,  the  orbit  is 
approximately  circular ;  bnt  in  cases  in  which  the  member  tends 
to  be  bilaterally  symmetrical,  one  diameter  of  the  orbit  becomes 
proportionally  elongated,  the  orbit  being  then  oval,  or  elliptic, 
until,  finally,  when  the  bilateral  symmetry  is  strongly  marked, 
the  orbit  becomes  a  straight  line,  the  growing-point  simply  oscil- 
lating from  side  to  side.  Whilst  the  growing-point  is  travelling 
in  its  orbit,  it  is  at  the  same  time  being  raised  upwards ;  so  that 
it  describes  a  path  which  is,  according  to  the  form  of  the  orbit,  a 


^ 


[^ 


A  n 

FfO.  479.— Hlnstration  of  the  epinaabic  growth  of  the  leavee  of  tho  Sanflower  {Helianihm 
annuuM),  A  represents  the  position  of  the  leaves  when  the  plant  is  exposed  to  light;  B 
represents  the  position  of  the  leaves  when  the  plant  has  been  kept  in  darkness  for  twenty, 
four  hours.  In  A  the  leaves  are  expanded  in  consequence  of  the  directive  (diaheliotropic) 
action  of  the  incident  rays  of  light.  In  B  the  leaves,  in  the  absence  of  lights  had  become 
recarved  in  virtae  of  their  inherent  epinastic  growth. 


circular  spiral,  an  elliptical  spiral,  or  a  zig-zag.  These  changes 
of  position  are,  however,  not  permanent ;  for  example,  though  the 
growing-point  may  be  travelling  upwards  in  a  spiral,  the  fully- 
grown   stem   does   not    resemble   a  corkscrew^   but  is  sti*aight. 
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These  spontaneoDS  changes  in  position  of  growing-points  are 
designated  generally  hj  the  term  Nutation, 

All  growing  members  nutate  in  a  more  or  less  marked  manner; 
but  the  most  conspicnons  instances  are  afforded  by  slender  strno- 
tares,  snch  as  tendrils,  and  the  intemodes  of  twining  stems. 

A  peculiar  form  ot  natation  ig  commonly  exhibited  by  dorsiyentral  members, 
Bnoh  as  leaves.  In  the  early  stages  the  one  surface  of  the  leaf  grows  much 
faster  than  the  other,  thus  leading  to  certain  peonliar  forms  of  Temation  and 
estivation  (see  p.  60) ;  in  the  later  stages  the  othn*  side  grows  the  faster,  and 
so  the  expansion  of  the  leaf  is  brought  about.  When  it  is  the  ventral  sur- 
face which  is  growing  the  faster,  whether  along  the  transverse  or  the  longi- 
tudiual  axis  of  the  leaf,  it  is  said  to  be  a  case  of  epineuty  (Fig.  479) ;  when  the 
dorsal  surface,  it  is  said  to  be  a  case  of  hyponasty,  A  striking  example  is  afforded 
by  leaves  having  circinate  vernation,  as  many  Ferns,  Drosera,  etc. ;  this  form  of 
vernation  is  due  to  the  growth  of  the  leaf  being  at  first  longitudinally  hypo- 
nastic.  The  convolute,  involute,  and  conduplioate  forms  are  all  the  result  of 
transverse  hyponastic  growth  in  the  early  stages  of  development  of  the  leaf, 
whereas  the  revolute  form  is  the  result  of  transverse  epiuastic  growth. 

§  12.  Irritability  (Induced  Movements).  All  parts  of  plants 
which  can  exhibit  movement  are  also  irritable ;  that  is,  they 
respond  to  the  action  of  external  agents  either  by  a  movement  or 
by  a  change  in  the  rate  or  the  direction  o!  their  movement.  The 
following  are  the  principal  canses,  or  sHmuli^  of  movement,  or 
change  of  movement : — 

a.  Mechanical ;  contact  or  pressure ; 
h.  Variations  of  temperature  ; 

c.  Variations  in  the  intensity  of  light ; 

d.  Changes  in  the  direction  of  incidence  of  the  rays  of  light ; 

e.  Changes  of  position  with  i*egard  to  the  line  of  action  of 

gravity  (vertical) ; 
/.   Differences  of  degree  of  moisture  in  the  sunx)unding  medium. 

a.  Irritability  to  Mechanical  Stimuli,  This  form  of  irritability 
is  most  strikingly  manifested  by  motile  mature  members,  and  less 
markedly  by  certain  growing  members. 

Irritability  to  contact  is  manifested  by  the  following  mature 
motile  members  :  by  the  leaves  of  the  sensitive  plants  (see  p.  689), 
and  by  those  of  Dionsea  and  Drosera ;  by  the  stamens  of  Berberis, 
Mahonia,  the  Cynare»,  and  the  Cistaceae;  by  the  lobes  of  the 
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stigma  of  Mimnlns,  Marty nia,  and  Bignonia ;  and  bj  the  style  of 
Ooldfussia  anisophylla. 

The  most  familiar  case  is  that  of  Mimtta  pudiea,  the  Sensitive  Plant.  The 
leaf  of  this  plant  is  bipionate,  consisting  of  a  primary  petiole  bearing  at  its  free 
end  four  seoondaiy  petioles,  upon  which  the  leaflets  or  pinnie  are  inserted  (see 
Fig.  472).  The  primary  petiole  is  articulated  to  the  stem ;  each  secondary 
petiole  to  the  primary  petiole ;  and  each  pinna  to  the  secondary  petiole,  by  a 
pulvinos.  When  stimulated,  the  pinnie  fold  together  forwards  and  upwards : 
the  secondary  petioles  move  sideways  so  as  to  come  closer  together  and  to  lie 
almost  parallel ;  and  the  primary  petiole  sinks  downwards ;  the  palvini  act  as 
hinges  upon  which  the  various  parts  move. 

It  is  only  a  few  growing  members  which  i*eact  perceptibly  to 
mechanical  stimulation;  snch  are  tendrils,  the  petioles  of  leaf- 
climbers  (e,g,  Tropaeolam,  Lophospermum  scandens,  Manrandia, 
Solanum  jasminoides),  the  stem  of  at  least  one  stem-climber, 
namely  that  of  Cnsoata  (Dodder),  and  roots.  In  these  cases  the 
contact  must  be  of  relatively  long  duration,  becoming,  in  fact 
pressni'e. 

It  is  still  a  question  whether  the  intemodes  of  all  stem-climbers  may  not  be 
in  some  degree  sensitive  to  contact ;  but  if  so,  they  are  sensitive  only  to  long- 
continued  contact. 

The  irritability  of  growing  members  to  mechanical  stimulation 
is,  however,  less  marked  than  that  of  the  mature  motile  members 
mentioned  above.  Even  in  the  most  sensitive  growing  members, 
snch  as  tendrils,  the  resnlting  movement  is  comparatively  slow. 
The  movement  induced  in  these  members  is  that  they  tend  to 
curve  round  the  object  with  which  they  have  oome  into  contact. 
The  result  of  this  is  that  fresh  portions  of  the  member  come  into 
contact  and  are  stimulated  to  curve,  so  that  the  member  forms 
coils  round  the  object,  and  thus  becomes  firmly  attached  to  it.  In 
the  case  of  roots,  when  the  growing-point  is  more  or  less  injured 
by  pressure  or  otht-rwise,  a  curvature  is  induced  of  such  a  kind 
that  the  injured  side  becomes  convex,  with  the  result  that  the 
growing-point,  and  consequently  the  direction  of  growth,  is  de- 
flected from  the  obstacle  or  other  canse  of  injury. 

b.  IrritabilUy  to  Variatiatui  of  Temperature,  Movement,  like  the 
other  fnnctions  (see  p.  671),  is  affected  by  temperature,  but  this 
influence  is  not  stimulating  but  tonic :  it  does  not  induce  move- 
ment, but  merely  modifies  the  activity  of  movement  (see  p.  760). 
A  sudden  variation  of  temperature  may,  however,  act  as  a  stimulus 
and  induce  a  movement.     This  kind  of  irritability  has  been  de- 
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tected  in  various  leaves :  for  instance,  a  rise  of  temperature  causefl 
certain  flowers  {e.g.  Tnlip,  Crocus)  to  open,  and  a  fall  of  tempera- 
tare  canses  them  to  close  :  similarly  a  fall  of  temperatore  canses 
the  leaves  of  snch  plants  as  the  Sensitive  Plant  and  the  Wood- 
Sorrel  {OxuLis  AcetoaeUa)  to  fold  up,  whereas  a  rise  of  temperature 
causes  them  to  expand  (see  Fig.  471). 

c.  Irritability  to  Variations  in  the  Intensity  of  Light  (Paratonic 
Effect  of  Light ;  p.  674).  This  is  exhibited  in  a  marked  manner 
bj  the  majority  of  motile  members,  more  especially  leaves.  When, 
for  instance,  the  intensity  of  the  light  is  diminished,  the  perianth- 
leaves  of  many  flowers  and  the  foliage-leaves  and  cotyledons  of 
many  plants  perform  movements  which  are  termed  nyctilropic  or 
sleep-movements  (see  p.  689).  Thus,  the  flowers  close;  and  the 
foliage-leaves  change  their  position  in  various  ways,  assuming 
what  is  known  as  the  nocturnal  position,  so  that  they  no  longer 
present  the  surface,  but  the  margin  of  the  blade  to  the  sky.  Con- 
versely, when  flowers  or  leaves  which  have  assumed  the  nocturnal 
position  are  exposed  to  light,  or  to  brighter  light  than  before,  they 
I'esume  their  normal  expanded  (diurnal)  position. 

Another  remarkable  manifestation  of  this  irritability  is  that 
movements  of  variation  in  some  cases,  and  movements  of  growth 
in  most  cases,  are  retarded  or  arrested  by  exposure  to  light  of  a 
sufficient  intensity. 

In  illustration  of  the  effect  of  light  upon  movements  of  varia- 
tion, it  may  be  stated  that  certain  members,  such  as  the  leaves 
of  the  Sensitive  Plant,  which  perform  spontaneous  movements  of 
variation,  are  unable  to  do  so  when  exposed  to  bright  light: 
under  this  condition  the  leaves  become  fixed,  as  it  were,  in  the 
diurnal  position.  This  is  not,  however,  the  case  with  all  mature 
motile  members :  for  instance,  the  movement  of  the  lateral  leaf- 
lets of  the  Telegraph-plant  (Desmodium  gyrans)  continues  even  in 
bright  sunlight. 

The  paratonic  action  of  light  on  movements  of  growth  is 
strikingly  exhibited  in  various  ways.  It  is  well  demonstrated  by 
etiolated  plants  (see  p.  674),  that  is,  by  plants  which  have  been  kept 
in  darkness  for  some  considerable  time.  A  characteristic  feature  of 
etiolated  shoots  is  the  excessive  length  of  their  intemodes,  as  com- 
pared with  those  of  a  shoot  which  has  been  growing  for  the  same 
period  exposed  to  the  normal  alternation  of  day  and  night.  This 
excessive  elongation  in  darkness — which  occurs  as  a  rule  in  all 
i*adial  and  isobilateral  members  which  usually  grow  exposed  to 
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light — is  the  result  of  the  absence  of  the  retarding  paratonic  action 
of  light. 

The  exceptions  to  this  rale  are  the  shoots  of  stem-climbers  (Hop,  etc).  The 
stems  of  these  plants  have,  under  ordinary  conditions,  very  long  internodes ; 
they  seem  to  grow  to  the  ntmost  even  althongh  they  are  exposed  to  light,  and 
they  do  not  grow  to  any  greater  length  in  darkness.  On  account  of  this  pecu- 
liarity they  have  been  termed  '*  normally  etiolated  shoots." 

The  effect  of  the  paratonic  action  of  light  can  also  be  estimated 
by  direct  measurement  of  the  growing  member.  As  the  result  of 
a  gfreat  number  of  comparative  measurements,  it  has  been  found, 
in  regard  to  members  of  all  kinds,  that  the  rate  of  growth  is  more 
rapid  in  darkness  than  in  light. 

An  interesting  demonstration  of  the  relation  of  the  rate  of 
growth  to  light,  is  afforded  by  the  observation  of  the  growth  of 
any  member  at  given  intervals — every  hour,  or  every  two  or  three 
hours —during  an  entire  day  of  twenty-four  hours.  By  this  means 
it  has  been  ascertained  that  a  growing  member  exhibits  a  regular 
daily  periodicity  in  the  variations  in  its  rate  of  growth,  which  has 
a  direct  relation  to  the  alternation  of  day  and  night. 

A  general  inspection  of  the  tracings  in  Fig.  480  shows  that  the 
rate  of  growth  increases  in  darkness,  and  diminishes  in  the  light. 
This  is  more  apparent  in  the  3- hour  than  in  the  1-hour  tracing, 
for  the  latter  is  complicated  by  the  registration  of  the  spontaneoijis 
variations  in  the  rate  of  growth  (see  p.  739),  whereas  the  former  i« 
not,  owing  to  the  longer  interval  between  the  measurements. 

It  will  be  further  noticed  that  the  effect  of  a  change  from  dar]|^- 
ness  to  light,  or  from  light  to  darkness,  is  not  manifested  at  once ; 
but  that  after  such  a  change,  the  rat«  of  growth  goes  on,  for  a 
time,  as  it  did  before,  until  gradually  it  alters.  In  fact,  a  growing 
member,  though  kept  in  continuous  darkness,  will  exhibit  a  more 
or  less  well-marked  periodicity  for  several  days.  This  is  a  good* 
instance  of  the  general  slowness  of  reaction  which  characterises 
growing  members. 

But  it  must  be  borne  in  mind  that  variations  of  temperature 
also  affect  the  rate  of  growth.  Hence,  since  the  alternation  of 
day  and  night  is  accompanied  by  changes  of  temperature,  the 
forms  of  the  tracings  in  the  figure  are  not  solely  due  to  the  influ- 
ence of  light,  but  also  to  some  extent  to  that  of  temperature. 
Speaking  generally,  it  may  be  said  that,  as  the  intensity  of  the 
light  diminishes  towards  evening,  the  temperature  falls.      The 
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former  condition  tends  to  accelerate  growth,  but  the  latter  to 
retard  it.  The  actual  rate  of  growth  is  the  resultant  of  the 
accelemtion  due  to  diminished  light,  and  of  the  retardation  due  to 
a  falling  temperature.  Similarly,  in  the  morning,  the  increasing 
intensity  of  the  light  tends  to  retard  growth,  whereas  the  rising 
temperature  tends  to  accelerate  it.  The  actual  rate  of  growth  is 
the  resultant  of  the  retardation  due  to  increased  intensity  of  light, 
and  of  the  acceleration  due  to  a  risiug  temperature. 


Fio.  480.— (After  Saebt).    Ultutnting  the  dailjr  periodioitj  of  growth  in  length. 

In  Fig.  480  there  is  given  a  graphic  representation  of  two  complete  daUf 
periods  of  growth  as  obsenred  in  a  Dahlia-stem.  The  absoissiB  of  the  base-lioe 
represent  periods  of  two  hours,  and  the  divisions  of  the  ordiuates  represent  ouiu 
of  growth  in  length.  The  tracing  marked  l/i  is.  the  result  of  hourly  measure 
ments  of  the  growing  stem ;  the  tracing  marked  8A  is  the  resolt  of  measure- 
ments made  every  three  hours.  The  variations  of  temperature  have  been  also 
taken  into  account,  and  are  represented  by  the  tracing  marked  t® :  the  base-line 
represents  IS®  R.,  and  five  of  the  divisions  of  the  ordinates  represent  1°  B. :  it 
will  be  seen  that  the  temperature  varied  between  about  12.6°  B.  and  15.BP  B. 
The  shaded  spaces  represent  periods  of  darkness. 

The  paratonic  action  of  light  varies  with  its  intensity  :  the  more 
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intense  the  light  the  more  marked  the  paratonio  action.  Exposure 
to  very  intense  light  may  entirely  arrest  growth  for  the  time 
being. 

It  has  been  foand  that  the  different  rays  of  the  spectrum  are 
not  equally  active ;  the  pai*atonic  eflFect  of  the  more  highly  refran- 
gible rays  (violet,  indigo,  blue)  is  far  greater  than  that  of  the 
rays  of  lower  refrangibility  (see  Fig.  481). 

d.  Irritahility  to  the  Direction  of  Incidence  of  the  rays  of  Light 
(Heliotropigm).  This  kind  of  irritability  is  extremely  common, 
and  generally  manifests  itself  in  the  most  striking  manner.  The 
most  active  rays  of  light  are  those  of  high  refrangibility  (violet, 
indigo,  blue). 

A  remarkable  example  of  this  is  afforded  by  the  zoospores  of 
various  plants  (e.g.   UlothriiE,  HaBmatococcus,  Botrydium,  etc.). 


Fie.  441.— (After  Wietnn-X  Cnnre  UlDitraiinir  tbe  relative  beliotropio  eflbot  of  rays  of 
different  refmngibility.  The  letters  A—H  in  the  base-line  indicate  the  position  of  the 
more  important  lines  in  the  solar  ri>eotrom.  The  cnrres  I,  II,  III  represent  the  dei^ree  of 
cnrvatnre,  ntider  the  inflaence  of  the  diflTerent  rays,  presented  bj  the  Vetch,  the  Cress,  and 
the  Willow  respectively.  The  cnnre  my  represents  the  relative  effect  of  the  different  rays 
in  retarding  growth ;  it  is  greatestat  y,  and  least  at «. 

When  light  falls  obliquely  upon  them,  these  zoospores  arrange 
themselves  in  the  water  so  that  their  long  axes  are  parallel  to  the 
direction  of  incidence  of  the  rays ;  this  phenomenon  is  termed  Photo- 
taxis,  Moreover,  the  direction  of  their  movement  is  also  determined 
by  the  direction  of  incidence  of  the  light.  They  move  in  the  line 
of  incidence,  but  they  may  move  either  towards  or  awa^  from  the 
source  of  light ;  the  direction  depending  partly  on  the  intensity  of 
the  light,  and  partly  on  the  degree  of  irritability  of  the  Koospore. 
When  a  zoospore  moves  towards  a  source  of  light,  it  is  said  to  bo 
positively  phototactic ;  when  away  from  it,  negatively  phototactic. 
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Another  important  case  is  the  change  of  position  of  the  chlorophyll- 
corpuscles  in  the  cells  (see  p.  686). 

Motile  cellnlar  members,  whether  mature  or  growing,  are,  as  a 
mle,  sensitire  to  the  directire  influence  of  the  incident  rays  of 
light.  Among  matni*e  motile  members,  foliage-leayes  are  those 
which  most  mai*kedly  respond  to  the  directive  or  heliotropic  influ- 
ence of  light ;  among  growing  members,  it  is  more  especially  stems 
and  leaves  which  are  sensitive,  but  roots  have  in  many  cases  been 
found  to  be  so.  All  these  irritable  members  take  up  a  definite 
position,  the  light-position  (p.  688),  with  reference  to  the  direction 
of  incidence  of  the  rays  of  light.  Members  capable  of  performing 
move  men  ts  of  variation  can,  if  necessary,  change  their  light- 
position,  whereas  the  light-position  of  other  members  can  only  be 
changed  so  long  as  they  ai^e  growing. 

The  particular  position  which  the  member  assumes  under  the 
heliotropic  influence  of  light,  depends  upon  its  organisation.  Three 
classes  of  members,  namely  the  dorsiventral,  the  isobilateral,  and 
the  radial,  have  therefore  to  be  considered. 

It  may  be  generally  stated  of  dorsiventral  members,  that,  for  a 
certain  mean  intensity  of  light,  their  light- posit  ion  is  such  that 
the  morphologically  upper  (ventral)  surface  is  directed  towards 
the  source  of  light,  and  lies  in  a  plane  perpendicular  to  the 
direction  of  incidence  of  the  rays  :  that  is,  they  are  diaheliotropic. 

It  must,  however,  be  borne  in  mind  that  the  position  of  dorsiTentral  mem- 
bers with  regard  to  light  may  not,  in  nature,  always  be  found  to  be  exactly  that 
described  above,  because  other  dii-ective  influences  are  in  operation  which 
interfere  with  the  effect  of  light.  When,  by  appropriate  arrangements,  the 
effect  of  the  other  influences  is  removed,  and  light  alone  is  acting,  the  truth  of 
the  above  statement  will  be  demonstrated. 

The  case  of  motile  foliage-leaves  may  be  taken  first  in  illustra- 
tion, such  as  those  of  the  Sensitive  Plant,  Robinia,  Scarlet  Runner, 
etc.  When  these  leaves  are  exposed  to  light  of  sufiScient  intensity 
to  cause  them  to  assume  the  diurnal  position  (see  p.  689),  their 
upper  (ventral)  surfaces  are  at  right  angles  to  the  direction  of 
incidence  of  the  rays.  If,  on  the  one  hand,  the  light  to  which 
they  are  exposed  becomes  less  intense  than  this,  they  will  manifest 
no  sensibility  to  its  direction  of  incidence,  but  will  merely  assume 
the  nocturnal  position.  If,  on  the  other  hand,  the  light  becomes 
more  intense,  then  the  leaves  will  alter  their  position  so  that  the 
blades  will  present  their  edge,  instead  of  their  ventral  surface,  to 
the  incident  rays  (paraheliotropism,  see  p.  689). 


Digitized  by 


Google 


CHAPTER   III. — SPECUL    PHYSIOLOGY   OF   MOVEMENT.  749 

In  the  case  of  foliage-leaves  and  ot^er  dorsiventral  members 
which  cannot  execute  movements  of  variation,  the  light-position  is 
assumed  in  the  course  of  development,  and  is  fixed.  Since  it 
cannot  be  altered  in  relation  to  variations  in  the  intensity  of  the 
incident  rays,  the  position  assumed  is  determined  by  the  most 
frequent  direction  of  incidence  of  the  rays  of  suitable  intensity. 
For  instance,  the  fixed  light-position  of  the  foliage-leaves  of  plants 
growing  free  in  the  opeu,  is  usually  not  such  that  the  ventral 
surface  is  horizontal,  facing  the  zenith ;  but  such  that  it  is  directed 
towards  that  quarter  of  the  sky  from  which,  not  the  brightest 
sunlight,  but  the  brightest  diffuse  daylight,  falls  perpendicularly 
upon  it.  In  fact,  it  is  not  unusual  to  find  that  the  fixed  light- 
position  of  leaves,  when  the  light  is  of  high  average  intensity,  is 
such  that  the  surfaces  are  vertical,  so  that  the  margin  is  pre- 
sented to  the  zenith.  Under  these  circumstances  both  surfaces 
are  equally  exposed  to  light,  and  the  structure  of  the  leaf  becomes 
more  or  less  isobilateral  (see  pp.  164,  686). 

A  most  remarkable  instance  of  a  fixed  light-position  with  vertical  surfaces, 
is  afiforded  by  the  so  called  **  Compass-plants/*  Silphmm  luciniatum,  and 
Lactuca  Seariola.  The  surfaces  of  the  leaves  of  these  plants  are  not  only 
vertical  when  folly  exposed  to  bright  tight,  but  they  place  themselves  in  a 
vertical  plane  which  more  or  less  nearly  coincides  with  the  meridian  of  the 
locaUty,  the  surfaces  of  the  leaves  facing  east  and  west.  It  is  this  relation  of 
the  fixed  light-position  of  the  leaves  to  the  points  of  the  compass  which  sug- 
gested the  name  **  Compass-plants.'* 

The  fact  that  the  ultimate  position  of  dorsiventral  leaves  is 
mainly  determined  by  light,  is  demonstrated  by  removing  them — 
whilst  still  growing,  and  therefore  capable  of  a  change  of  posi- 
tion— from  its  influence.  In  darkness  these  leaves  take  up  an 
altogether  different  position  (see  Fig.  479),  becoming  curved  in 
various  ways;  when  again  exposed  to  light  they  resume  their 
previous  diaheliotropic  position. 

With  reference  now  to  radial  members,  it  may  be  generally 
stated  that  the  essential  feature  of  their  response  to  the  directive 
influence  of  light  is  that  they  tend  to  place  their  long  axes  in  the 
direction  of  incidence  of  the  brightest  light  falling  upon  them. 
Whereas  in  the  case  of  dorsiventral  members  the  important  point 
is  the  relation  of  the  morphologically  upper  surface  to  the  direction 
of  the  incident  rays ;  in  the  case  of  radial  members  the  important 
point  is  the  relation  of  the  long  axis  to  the  direction  of  the  incident 
rays. 
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An  exAot  eoinoidenoe  between  the  direction  of  the  long  axis  of  the  member 
and  that  of  the  incident  rays  is,  liowe?er,  not  always  attained  in  nature,  on 
account  of  the  antagonistic  action  of  other  directive  influences.  This  point  is 
more  fully  discussed  on  p.  757. 

It  mast  be  mentioned  that,  inaflmnch  as  there  are  no  radial 
members  which  are  both  heliotropically  irritable  and  capable  of 
performing  movements  of  variation,  all  that  is  here  said  refers  to 
growing  radial  members. 

In  illustration,  the  case  of  a  radial  member  which  has  been 
grown  in  the  dark  may  be  taken,  and  it  may  be  assumed  to 
be  vertical.  Light  is  allowed  to  fall  upon  it  from  one  side ;  the 
effect  is  a  gradual  curvature  of  the  member,  as  it  continues  to 
grow,  so  that  its  long  axis  comes  to  coincide  more  or  less  nearly 
with  the  direction  of  the  incident  rays. 

But  the  curvature  may  be  in  one  of  two  directions;  it  may  be 
either  such  that  the  apex  of  the  member  comes  to  point  towards 
the  source  of  light,  or  such  that  it  points  in  the  opposite  direction. 
When  the  former  is  the  case  the  member  is  said  to  be  positively 
heliotropic ;  when  the  latter,  it  is  said  to  be  negatively  heliotropic. 

The  nature  of  the  curvature,  whether  positive  or  negative, 
depends  upon  the  specific  irritability  of  the  member.  Thus,  gene- 
rally speaking,  primary  shoots,  including  such  forms  as  the  stems 
of  Chara  and  Nitella,  the  peduncles  of  flowers,  the  stipes  of  the 
larger  Fungi,  and  the  gonidiophores  of  Moulds,  as  also  radial 
leaves  such  as  those  of  the  Onion,  are  positively  heliotropic. 
Negative  heliotropism  has  been  observed  in  many  roots,  especially 
aerial  roots,  and  in  the  root- hairs  of  Marchantia.  With  regard  to 
shoots,  the  hypocotyl  of  Viscum,  the  Mistletoe,  is  negatively  helio- 
tropic. 

Although  the  relation  between  the  external  symmetry  of  the 
member  and  its  heliotropic  irritability  is  generally  that  indicated 
above,  yet  there  are  exceptions  :  all  dorsi ventral  members  are  dia- 
heliotropic ;  but  not  all  radial  members  are  positively  or  negatively 
heliotropic,  for  some  of  them  are  diaheliotropic.  It  seems  that 
continual  exposure  to  intense  light  falling  on  one  side  induces  at 
least  physiological  dorsi  ventral ity  in  some  radial  members  (e,g, 
shoots  of  Ivy  and  TropaBolum). 

It  is  frequently  stated  that  exposure  to  intense  light  causes  a  recenal  of 
heliotropic  properties  in  radial  members ;  for  instance,  that  a  shoot  which  is 
positively  heliotropic  in  moderately  iotense  light  becomes  negatively  heliotropic 
in  very  intense  light.    The  true  explanation  of  such  cases  is  probably  thi^  that 
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under  the  inflaenoe  of  intense  unilateral  illumination,  the  radial  organ  beoomes 
physiologically  dorsiventral ;  it  is  then  diaheliotropio  (not  negatively  helio- 
tropic)  in  place  of  being  positively  heliotropio,  and  any  curvature  which  it  may 
present  is  due  to  epinasty  or  hypoDasty. 

The  flattened,  typically  isobilateral,  leaves  of  various  Monocoty- 
ledons, such  as  those  of  Iris,  appear  to  be  positively  heliotropic. 

e.  Irritability  to  the  Directive  Influence  of  Gravity  (Qeotropism) . 

The  effects  of  the  stimulating  directive  action  of  gravity  must 
be  clearly  distinguished  from  those  which  are  due  to  the  mere 
weight  of  the  parts.  It  is  only  the  former  which  are  referred  to 
by  the  term  geotropism.  The  geotropic  curvatures  are  effected 
with  considerable  force,  and  will  take  place  even  against  consider- 
able resistance ;  for  instance,  it  has  been  observed  that  the  pri- 
mary roots  of  seedlings  will  curve  downward  into  mercury. 

Geotropic  irritability  is  manifested  by  various  members,  such  as 
stems,  leaves,  and  roots.  The  phenomena  of  geotropism  in  the 
three  categories  of  members,  the  dorsiventral,  the  radial,  and  the 
isobilateral,  will  now  be  studied. 

With  I'egard  to  dorsiventral  members,  it  appears  that  many 
leaves,  both  growing  and  motile,  lateral  shoots  of  Conifers  and  of 
many  dicotyledonous  shrubs,  runners,  et<;.,  which  are  dorsiventral, 
take  up  such  a  position,  when  acted  upon  solely  by  gravity,  that 
their  longitudinal  axis  is  horizontal — that  is,  at  right  angles  to  the 
line  of  action  of  gravity,  the  vertical — and  that  their  morphologi- 
cally superior  surface  is  directed  upwards.  If  these  members  are 
moved  out  of  this  position  so  that  their  long  axis  is  not  horizontal, 
they  curve  until  it  is  so ;  or  if  they  be  so  moved  that  the  nor- 
mally upper  surface  faces  downwards,  they  twist  until  it  faces  up- 
wards. These  members  behave  in  respect  to  the  line  of  action  of 
gravity  just  as  they  do  to  the  direction  of  the  incident  rays  of 
light.     They  are  diageotropic,  just  as  they  are  diaheliotropio. 

It  is  a  familiar  fact  that  at  all  points  of  the  earth's  surface  typi- 
cal radial  members,  such  as  primary  shoots  and  roots,  grow  with 
their  long  axis  vertical,  but  with  this  difference,  that  the  direction 
of  growth  of  the  primary  shoots  is  away  from  the  centre  of  the 
earth,  whereas  that  of  the  primary  roots  is  towards  the  centre  of 
the  earth.  It  can  be  readily  demonstrated  (by  Knight's  machine. 
Fig.  483)  that  this  vertical  direction  of  growth  is  due  to  the  force 
of  gravity,  that  it  is,  in  fact,  a  phenomenon  of  geotropism.  But 
the  effect  produced  is  precisely  opposite  in  the  two  cases ;  primary 
shoots  grow  in  a  direction  opposed  to  that  of  the  action  of  gravity, 
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they  are  negatively  geotropic ;  primary  roots  grow  in  the  same  direc- 
tion as  that  of  the  action  of  gravity,  they  are  positively  geotropic. 

If  these  members  be  moved 
ont  of  their  normal  position, 
they  will  retnm  to  it  by 
performing  geotropic  cur- 
vatare. 

The  principle  of  Knigbt's  ma- 
chine is  to  expose  growing  plants 
to  the  action  of  centrifugal  force, 

Flo.482.-GeotropiccarvatureoraPea.Reedling  ^^^^^^  ^^T  ^''^\^  ^)  ^'^  ^■ 
placed  horizontally.  The  thicker  outline  indicates  gether  with  gravity  {A).  The 
the  original  positions  of  the  primary  shoot  and  object  of  it  is  to  demonstrate 
root ;  the  shoot  s  has  curved  upwards  in  the  that  gravity  is  the  directive  force 
course  of  its  growth,  the  root  «  has  curved  ^^^^  determines  the  relative 
downwards.    The  bud  at  the  apex  of  the  shoot        ,.      ^.  .  ^y       »     % 

is  nutating.  directions  of   growth   of   shoots 

and  roots ;  the  line  of  reasoning 
being,  that  if  the  direction  of  growth  of  roots  and  shoots  can  be  affected  by  a 
known  physical  force,  sach  as  the  centrifugal  force  of  a  rapidly  rotating  wheel,  in 
a  manner  analogous  to  that  observable  in  nature,  it  may  be  concluded  that  the 
natural  direction  of  growth  of  these  members  is  the  result  of  the  action  of  a 
physical  force,  and  this  force  is  doubtless  that  of  gravity.  In  Fig.  J,  the  seed- 
lings have  been  grown  on  a  rapidly  rotating  horizontal  wheel,  and  exposed 
consequently  to  the  action  both  of  gravity  and  of  centrifugal  force :  the  result 
is,  that  the  primary  roots  and  shoots  still  grow  in  diametrically  opposite  direc- 
tions, bat  the  line  of  growth  is  not  vertical,  as  in  natture,  but  oblique ;  hence  it 
follows  that  the  direction  of  growth  of  both  root  and  shoot  has  been  affected  by 
the  centrifugal  force.  In  £,  the  seedlings  have  been  grown  on  a  rapidly  rota- 
ting vertical  wheel :  in  consequence  of  the  continuous  change  in  position  with 
regard  to  the  vertical,  it  is  obvious  that,  in  this  experiment,  the  directive  action 
of  gravity  is  eliminated,  for  all  parts  of  the  seedlings  are  acted  upon  by  gravity 
for  successive  equal  times  in  opposite  directions :  the  only  force  in  action  is  the 
centrifugal  force,  with  the  result  that  the  primary  roots  have  grown  towards 
the  centre  of  the  wheel,  in  a  direction  contrary  to  that  of  the  line  of  action  of 
the  centrifugal  force,  whilst  the  primary  shoots  have  grown  outwards,  away 
from  the  centre  of  the  wheel,  in  the  same  direction  as  the  action  of  the  centri- 
fugal force.  It  is  clear  from  these  facts  (1)  that  a  purely  physical  foice  can 
determine  the  direction  of  growth  of  roots  and  shoots :  (2)  that  the  physical 
force  employed  (centrifugal  force)  affects  primary  roots  and  shoots  in  a  precisely 
contrary  manner :  and  it  may  be  concluded  that  since  the  phenomena  produced 
by  the  action  of  centrifugal  force  in  these  experiments  are  quite  analogous  to 
those  observable  in  nature,  the  cause  of  the  natural  phenomena  is  also  a  purely 
physical  force,  and  the  force  of  gravity  is  the  one  which  meets  all  the  necessary 
conditions. 

Another  mode  of  experimental  proof  is  by  means  of  a  machine  termed  a 
elinostat.    This  machine  differs  from  Knight's  machine  in  that  the  rotation  of 
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the  plant  is  very  slow,  so  that  no  centrifugal  force  is  set  op.  The  principle  of 
it  is  that,  by  slowly  rotating  a  plant  by  means  of  a  vertical  wheel  either  (as  in 
Fig.  483  B)  with  the  long  axis  of  the  plant  in  the  plane  of  the  wheel,  or  with  the 


Fio.  483  (after  Knight).— Diagrams  illustrating  experiments  with  Knight's  machine.  A 
Wheel  rotating  horizontally  on  a  vertical  axis;  B,  wheel  rotating  yertically  on  a  horizontal 
axis. 
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long  axis  of  the  plant  perpendicular  to  the  plane  of  the  wheel,  each  part  is  ex- 
posed for  snecessive  equal  times  to  the  action  of  gravity  in  precisely  opposite 
directions,  so  that  the  directive  action  of  gravity  neutralises  itself.  The  result 
is  that  a  stem  or  root  with  its  long  axis  horizontal  remains  perfectly  straight 
when  rotated  on  the  clinostat,  provided  that  other  disturbing  influences  (light, 
etc.)  are  excluded ;  and  the  fact  that  the  empirical  results  giyen  by  the  machine 
exactly  correspond  to  what  would  be  theoretically  anticipated  on  the  hypothesis 
that  gravity  is  the  active  directive  force  in  geotropic  curvature,  is  strong  con- 
firmatory evidence  of  the  conclusions  to  be  drawn  from  experiments  with 
Knight's  machine. 

The  geotropic  influence  of  gravity  is  greatest  when  the  radial 
member  is  in  a  horizontal  position;  that  is,  the  curvature  into  the 
normal  position  then  takes  place  with  the  greatest  rapidity.  Bnt 
the  visible  effect  is  the  more  marked,  the  further  the  member  is 
removed  from  its  normal  position  ;  for  instance,  when  a  primary 
shoot  is  turned  upside  down,  a  curvature  of  180°  has  to  be  per- 
formed in  order  that  the  apex  may  again  point  upwards. 

In  addition  to  the  primary  shoots  of  seedlings,  the  following  radial  members 
are  negatively  geotropic;  the  stipes  of  Mushrooms,  the  gonidiophores  of  Moulds, 
the  stems  of  Characes,  the  stalks  of  the  receptacles  of  Liverworts,  the  peduncles 
of  many  flowers,  the  sets  of  Mosses,  etc.  Also  isobilateral  leaves,  such  as  those 
of  Iris ;  when  placed  horizontally  in  darkness,  whether  flat  or  edgeways,  they 
curve  upwards. 

In  addition  to  the  primary  roots  of  seedlings,  the  following  radial  members 
are  positively  geotropic ;  the  hyphie  of  Fungi  which  penetrate  into  the  sub- 
stratum, the  root- like  fllameuts  of  Vaucheria,  and  other  AlgsB,  the  rhizoids  of 
MuscineflB,  the  rhizomes  of  Yucca  JUamentosa  and  of  Cordyline  rubra,  etc. 

An  instance  of  the  absence  of  geotropic  irritability  in  a  growing  member  is 
afforded  by  the  hypoootyl  of  the  Mistletoe. 

The  degree  of  geotropic  irritability  is  not  the  same  in  all  radial 
members.  It  may  be  generally  stated  that  the  lateral  branches 
both  of  shoots  and  roots  are  less  irritable  than  primary  shoots  and 
roots.  For  instance,  the  secondary  branches  of  roots  grow,  not 
vertically  downwards,  but  obliquely  outwards  and  downwards,  in 
the  soil. 

All  radial  members  are  not,  however,  either  positively  or  nega- 
tively geotropic ;  some,  such  as  the  rhizomes  of  Heliocharis paltistris, 
Sparganium  ramosum,  and  Scirpus  maritimus,  are  diageotropic. 

It  has  been  observed  in  some  cases  that  the  nature  of  the  geo- 
tropic irritability  of  a  member  may  change  in  the  course  of  its 
development.  For  instance,  the  peduncle  of  the  Poppy  is  posi- 
tively geotropic  whilst  the  flower  is  in  the  bud,  but  negatively 
geotropic  during  flowering  and  fruiting.      Again,  the  flowers  of 


Digitized  by 


Google 


CHAPTER  Itl.— SPECIAL   PHYSIOLOGY  OP  MOVEMENT.  755 

the  DafPodil  are  negatively  geotropic  when  in  the  bnd,  btit  they 
become  diagootropic  as  they  open. 

/.  Irritability  to  Differences  in  the  degree  of  Moisture  in  the  sur- 
rounding Medium  (Hydrotropism), 

Instability  of  this  kind  is  especially  characteristic  of  earth-roots 
which  possess  it  in  a  high  degree.  It  can  be  readily  demon- 
strated by  a  well-known  experiment.  Peas  or  Beans  are  made  to 
germinate  in  a  sieve  full  of  damp  sawdust,  the  sieve  being  sus- 
pended in  a  slanting  position.  The  primary  roots  grow  down- 
wards through  the  sawdust,  and  escape  into  the  air  (which  is 
kept  moist).  At  first  they  grow  vertically  downwards  in  conse- 
quence of  their  positive  geotropism,  but  they  soon  curve  up- 
wards towards  the  moist  surface.  They  do  this  in  virtue  of  their 
hydrotropic  initability,  and  it  is  clear  that  they  are  positively 
hydrotropic. 

g.  Irritability  of  other  kinds.  It  has  been  ascertained  by  experi- 
ment that  members  of  various  kinds  may  be  stimulated  to  curva- 
ture by  other  causes,  such  as  differences  of  temperature  on  the 
two  sides,  galvanic  currents,  the  flowing  of  currents  of  water,  and 
by  the  presentation  of  various  chemical  substances;  but  these 
various  phenomena  are  not  of  such  immediate  importance  to  the 
well-being  of  the  plant  as  those  which  have  been  described  above 
in  detail. 

The  stimulating  action  of  certain  chemical  substances  (chemio^ 
taxis)  is,  however,  of  some  importance  in  connexion  with  the 
reproductive  processes.  It  had  been  frequently  observed  that  the 
motile  male  cells  (spermatozoids)  of  plants  possessing  them 
appeared  to  be  attracted  to  the  female  organ,  fertilisation  being 
thus  ensured,  but  the  cause  of  this  has  only  recently  been  as- 
certained, and  only  in  certain  cases.  It  appears  that  the  female 
organ,  when  it  is  fit  for  fertilisation,  excretes  into  the  surround- 
ing water  a  substance  which  attracts  the  male  cells.  In  Ferns 
and  Selaginella  this  substance  is  a  compound  of  malic  acid ;  in 
Mosses  it  is  cane-sugar. 

§  13.  Localisation  of  Irritability.  Among  members  which 
perform  movements  of  variation,  there  are  many  instances  of  well- 
defined  localisation  of  irritability.  Thus,  in  the  Sensitive  Plant, 
no  movement  ensues  when  the  upper  side  of  the  pulvinus  of  the 
primary  petiole  is  touched,  but  only  when  the  sensitive  hairs  on 
the  under  side  of  the  pulvinus  are  touched ;  and,  in  the  leaflets, 
it  is  the  upper  side  of  the  pulvinus  which  is  sensitive.    In  Drosera, 
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the  irritability  of  the  tentacles  is  localised  in  the  terminal  gland. 
In  Dionsea,  movement  only  ensues  when  the  irritable  hairs  on  the 
npper  surface  of  the  leaf  are  touched. 

Among  growing  organs,  tendrils  offer  well-marked  localisation 
of  irritability.  In  most  tendrils  the  lower  or  basal  part  is  either 
not  at  all  sensitive,  or  is  sensitive  only  to  prolonged  contact. 
Most  tendrils  have  their  tips  slightly  hooked,  and  their  irritability 
is  localised  in  the  concavity  of  this  curvatui-e.  The  tendrils  of 
Gohoea  scandens  and  of  Cissus  discolor  are  irritable  on  all  sides ;  in 
those  of  Mutisia  the  inferior  and  lateral  surfaces  are  irritable,  but 
not  the  superior.  The  irritability  of  the  root  to  the  pressure  of 
obstacles  (see  pp.  683,  743)  is  localised  in  the  tip. 

The  foregoing  examples  sufficiently  prove  the  localisation  of 
irritability  to  mechanical  stimulation :  and  the  question  arises 
whether  or  not  irritability  to  other  stimuli  is  also  localised.  It 
has  been  ascertained  that  this  is  the  case,  in  connexion  with 
heliotropism  and  geotropism,  at  least  in  certain  plants.  Thus,  the 
heliotropic  irritability  (i.e.  sensitiveness  to  the  directive  influence 
of  light)  of  the  cotyledons  of  certain  Grasses,  though  not  abso* 
lutely  confined  to  the  tip,  has  been  found  to  reside  especially  in 
that  part,  and  the  same  is  the  case  with  the  primary  shoot  of 
many  dicotyledonous  seedlings  and  with  young  shoots  of  various 
plants.  The  geotropic  irritability  of  roots  also  resides  in  the  tip, 
and  this  appears  to  be  also  true  of  other  members. 

§  14.  Transmission  of  Stimuli.  The  most  striking  instances 
of  this  are  offered  by  motile  leaves,  such  as  those  of  the  Sensitive 
plant  and  of  Drosera.  If  the  terminal  pair  of  leaflets  of  a  pinna 
of  the  leaf  of  the  Sensitive  Plant  be  irritated,  not  only  will  they 
fold  up,  but  each  of  the  other  pairs  of  leaflets  of  the  same  pinna 
will  fold  up  in  succession ;  if  the  stimulus  is  sufficiently  strong, 
its  effect  may  extend  to  other  pinneB  causing  their  leaflets  to  fold 
up,  or  to  the  secondary  petioles  causing  them  to  converge,  or  even 
to  the  main  petiole  which  then  sinks  downward  (see  Fig.  472). 
Stimulation  of  one  leaf,  if  sufficiently  powerful,  will  cause  move- 
ment in  another.  In  the  case  of  Drosera,  stimulation  of  the  central 
tentacles  of  a  leaf  causes  the  inflexion  of  the  marginal  tentacles. 

In  so  far  as  heliotropic  and  geotropic  irritability  is  localised  in 
the  tips  of  growing  members,  these  must  also  afford  instances  of 
transmission  of  stimuli.  The  stimulus  acts  upon  the  irritable  tip, 
and  the  impulse  is  transmitted  to  the  region  in  which  the  curva- 
ture takes  place^ 
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The  means  by  which  stimuli  are  transmitted  is  a  matter  which 
is  still  under  discussion  ;  but  it  appears  that  the  means  of  trans- 
mission is  not  the  same  in  all  cases.  Whilst  in  some,  such  as 
tendrils  and  the  leaves  of  Drosera,  the  stimulus  is  probably  trans- 
mitted by  means  of  the  delicate  protoplasmic  filaments  which  con- 
nect the  protoplasm  of  adjacent  cells  (seep.  91);  in  others,  for 
instance  Mimosa  pudica,  the  stimulus  is  transmitted  as  a  dis- 
turbance of  the  hydrostatic  equilibrium  of  the  cells :  it  would,  in 
fact,  appear  that  whilst  the  former  means  of  transmission  suffices 
for  a  short  distance,  the  latter  is  necessary  when  the  distance  to 
be  traversed  is  considerable.  In  Mimosa  pudica  there  appears  to 
be  a  special  tissue  along  which  the  stimulus  is  conducted :  it  be- 
longs to  the  bast,  and  consists  of  large  elongated  cells  with  pitted 
cellulose  walls. 

The  Lament  Period.  It  has  been  observed,  more  especially  with 
regard  to  the  heliotropic  and  other  curvatures  of  radial  growing 
organs,  that  the  curvature  does  not  become  apparent  for  some  con- 
siderable time  after  the  stimulus  has  begun  to  act.  This  interval 
is  the  Latent  Period,  For  instance,  it  has  been  ascertained  that 
the  primary  shoots  of  Bean-seedlings  do  not  begin  to  curve  helio- 
tropically  for  two  hours  after  an  exposure  of  one  hour  to  unilateral 
illumination. 

When,  however,  the  stimulus  to  curvature  has  acted  for  a 
sufficient  time,  the '  curvature  will  eventually  take  place  even 
though  the  stimulus  has  ceased  to  act :  the  conditions  of  curvature 
have  been  induced,  that  is,  even  before  the  curvatui'e  can  be 
observed. 

In  explanation,  it  may  be  suggested  that,  in  growing  members, 
the  stimulus  is  conveyed  but  slowly  from  the  seat  of  irritability 
to  the  seat  of  curvature ;  and  it  is  obvious  that  the  curvature  of  a 
growing  cellular  member  is  a  process  which,  on  mechanical  grounds 
in  relation  with  the  rate  of  growth,  cannot  be  effected  rapidly. 

§  15.  Combined  Effects  of  different  Stimuli.  Inasmucl# 
as  it  is  commonly  the  case  that  the  motile  members,  whether 
growing  or  mature,  are  irritable  to  stimuli  of  various  kinds,  it  is 
clear  that  the  assumption  by  them  of  any  particular  position  is 
the  resultant  effect  of  the  stimuli  which  may  be  acting  simul- 
taneously. The  phenomena  in  question  are  strikingly  manifested 
by  growing  members,  and  it  is  to  these  that  the  following  account 
especially  refers. 

According  to  the  position  assumed  in  the  course  of  their  growth 
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under  the  inflaence  of  various  external  directive  influences,  plant- 
members  may  be  conveniently  classified  into  those  which  hare 
their  long  axis  vertical,  and  those  which  have  their  long  axiB 
oblique  or  horizon tal,  the  former  are  distinguished  as  ortholropicj 
the  latter  as  plagiotropic.  Most  radial  and  isobilateral  members 
are  orthotropic ;  all  dorsiventral,  and  some  radial  members  are 
plagiotropic.  For  instance,  radial  primary  shoots  and  roots  are 
orthotropic ;  all  dorsiventral  leaves,  etc.,  are  plagiotrofHC ;  lateral 
branches  of  shoots  and  roots,  even  though  radial,  are  plagiotropic. 

The  directive  influences  which  mainly  determine  the  direction 
of  growth  of  radial  primary  shoots  are  gravity  and  the  direction 
of  the  incident  rays  of  light,  and  the  shoots  themselves  are  nega- 
tively geotropic  and  positively  heliotropic.  If  only  the  conditions 
are  such  that  each  side  of  the  shoot  receives  an  equal  amount  of 
light,  as  when  the  plant  grows  quite  in  the  open,  no  heliotropic 
curvature  takes  place,  and  the  shoot  grows  erect.  But  when  one 
side  of  the  plant  is  shaded,  as  when  it  grows  by  the  side  of  a  hedge, 
the  shoot  in  most  cases  curves  heliotropically  out  of  the  vertical. 
This  curvature  is  the  resultant  effect  of  the  n^ative  geotropism 
of  the  shoot  which  tends  to  keep  it  straight,  and  its  j>ositive  helio- 
tropism  which  tends  to  make  it  curve  more  than  it  actually  does. 
Unilateral  illumination  usaally  causes '  some  degree  of  curvature 
in  shoots,  because,  as  a  rule,  their  heliotropic  irritability  is  higher 
than  their  geotropic  irritability.  Exceptions  to  this  rule  have 
been  found  in  the  inflorescences  of  Verbascum  and  Dipsaeos, 
which  remain  erect  even  when  one  side  is  shaded. 

Similarly,  the  influences  which  ordinarily  determine  the  direc- 
tion of  growth  of  radial  primary  roots,  are  gravity  and  the  distri- 
bution of  moisture  in  the  soil.  If  the  soil  is  uniformly  moist,  the 
root  grows  vertically  downwards  under  the  influence  of  gravity; 
but  if  the  soil  is  not  uniformly  moist,  the  root  will  curve  out  of 
the  vertical  towards  the  moister  area,  because  its  hydrotropic  is 
greater  than  its  geotropic  irritability. 

The  conditions  which  determine  the  plagiotropic  position  of 
most  radial  lateral  branches  of  shoots  are  these :  they  are  n^a- 
tively  geotropic,  and  they  are  diaheliotropic,  at  least  in  intense 
light.  In  darkness  they  grow  erect,  in  virtue  of  their  negative 
geotropism.  Some  radial  subteiTanean  rhizomes  are,  however,  dia- 
geotropic  (see  p.  754).  The  oblique  growth  of  lateral  roots  is 
simply  due  to  their  feeble  geotropic  irritability. 

The  conditions  which   determine    the  plagiotropic   position  of 
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dorsi ventral  members  are  these  :  they  are  both  diageotropic  and 
diaheliotropic.  But  inasmnch  as  their  heliotropic  is  higher  than 
their  geotropic  irritability,  their  ultimate  position  is  that  in  which 
the  incident  i*ay8  of  appropriate  intensity  fall  nearly  or  exactly 
at  right  angles  upon  the  npper  surface. 

It  will  be  observed  that,  as  a  rale,  in  growing  members  which 
are  heliotropically  irritable,  this  irritability  is  higher  than  any 
other ;  consequently  the  ultimate  position  assumed  by  the  mem- 
ber is  mainly  determined  by  the  direction  of  the  incident  rays  of 
lighj;,  and  it  is  termed,  therefore,  a  light-position  (see  p.  748), 
althongh  other  directive  influences  may  have  contributed  to  its 
assumption. 

The  most  remarkable  case  of  combined  effects  is  afPorded  by  the 
growth  of  twining  stems.  A  twining  stem,  at  its  first  develop- 
ment, is  straight,  bnt  after  it  has  come  to  consist  of  two  or  three 
intemodes  its  apex  hangs  over  to  one  side,  for  the  stem  is  not 
sufficiently  rigid  to  support  its  own  weight.  It  then  exhibits  cir- 
cnmnutation  in  a  marked  manner.  If  once  it  comes  into  contact 
with  a  more  or  less  vertical  support  of  appropriate  thickness,  it 
twines  round  it. 

The  analysis  of  the  phenomenon  of  twining  is  still  a  matter  oi 
discussion.  The  main  facts  are  the  following.  Twining  stems  are 
strongly  negatively  geotropic ;  this  is  proved  by  the  fact  that  they 
will  not  twine  round  very  oblique  or  horizontal  supports.  Again, 
contact  with  a  support  interferes  mechanically  with  the  circumnu- 
tation  of  the  stem,  and  causes  it  to  take  place  in  an  orbit  of  which 
the  support  is  the  axis.  Finally,  a  twining  stem  usually  undergoes 
torsion,  that  is,  a  twisting  about  its  own  axis,  and  this  has  been 
suggested  as  an  essential  factor  in  the  process  of  twining ;  but  there 
is  not  evidence  to  support  this  suggestion. 

The  commonly  accepted  explanation  of  twining  is  that  it  is 
due  to  the  negative  geotropism  of  the  stem,  combined  with  its  cir- 
cumnutation  modified  by  contact  with  the  support;  but  it  is 
doubtful  if  this  explanation  is  adequate.  It  has  been  suggested, 
with  some  show  of  reason,  that  twining  stems  are  irritable,  like 
tendrils,  though  in  a  less  degree,  to  continuous  contact  with  a  sup- 
port. It  is  admitted  that  the  stem  of  the  Dodder  (see  pp.  685, 
743)  is  thus  irritable.  If  this  be  so,  then  the  irritability  of  twining 
stems  is  the  most  important  factor  in  the  process. 

In  order  to  investigate  independently  the  degree  and  the  kind  of  geotropic 
and  heliotropic  irritability  of  a  member,  it  is  necessary  to  be  able  to  exclude 
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the  directive  inflaenoe  of  light  and  of  gravity.  The  influence  of  light  can  be 
easily  climated  by  performing  tbe  experiments  in  darkness,  or  by  rotating  the 
plant  so  that  each  part  of  the  member  under  observation  is  exposed  for  equal 
lengths  of  time  to  rays  of  light  falling  upon  it  in  all  directions,  so  that  the  helio- 
tropic  effect  is  the  same  on  all  sides,  and  no  curvature  is  produced.  The  influ- 
ence of  gravity  can  likewise  be  eliminated  by  slowly  rotating  the  plant,  so  that 
each  side  of  the  organ  is  placed  for  equal  times  successively  in  all  possible 
positions  with  respect  to  the  vertical;  the  geotropic  effect  is  therefore  the 
same  on  all  sides,  and  no  curvature  is  produced.  The  instrument  used  for  this 
purpose  is  the  clinostat  (see  p.  752). 

§  16.  Conditions  of  Movement.  Inasmnch  as  the  move- 
ments tinder  consideration  are  vital,  they  can  only  take  place 
when  the  external  conditions  are  favourable  to  the  life  of  the 
plant.  The  following  conditions  are  essential ;  a  moderate  tern- 
peitttnre,  extremes  of  heat  and  cold  arrest  movement ;  a  supply  of 
water,  all  movements  are  arrested  by  drought ;  a  supply  of  free 
oxygen,  in  the  case  of  aerobiotic  plants  (p.  722) ;  and,  in  some 
cases,  exposure  to  light  of  a  certain  intensity. 

The  importance  of  exposure  to  light  as  a  condition  of  movement 
requires  special  consideration.  It  has  been  ascertained  to  be 
essential  to  movements  of  the  most  different  kind.  For  instance, 
a  Bacterium  (Bacterium  photometrictim)  has  been  found  to  be 
motile  only  when  exposed  to  light.  Again,  various  movements  of 
variation,  such  as  those  of  the  foliage-leaves  of  Mimosa,  etc.,  do 
not  take  place  unless  the  plant  either  is,  or  recently  has  been, 
exposed  to  light.  But  the  most  important  case  is  the  arrest 
of  growth  of  dorsi ventral  members  when  kept  in  darkness.  For 
example,  if  n  potato-tuber  sprouts  in  a  dark  chamber,  the  produced 
shoots  have  excessively  elongated  internodes  (see  p.  674),  but  very 
small  leaves ;  the  growth  of  the  leaves  is  arrested  in  darkness. 
On  the  other  hand,  intense  light  retards  movement  (e.g.  its  action 
on  growth)  or  altogether  arrests  it  (e.g.  arrest  of  spontaneous 
movement  of  the  leaves  of  the  Sensitive  Plant). 

What  is  exactly  the  influence  of  light  in  promoting  movement 
is  not  understood,  but  it  is  termed  the  phoMonic  influence  (p. 
674)  :  it  induces,  that  is,  a  particular  condition,  the  condition  of 
phototonus,  in  the  protoplasm,  without  which  movement  is  im- 
possible. It  appears  that  the  rays  of  low  refrangibility  (red- 
yellow)  are  most  favourable  for  the  phototonic  condition. 

Irritability  also  depends  upon  the  above  essential  conditions: 
in  fact,  induced  movements  are  more  rapidly  arrested  by  un- 
favourable   conditions   than   are  spontaneous   movements.      For 
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instance,  when  a  Sensitive  Plant  is  kept  in  continnons  darkness, 
the  leaves  first  lose  their  power  of  responding  to  stimuli,  and 
later  their  spontaneous  movements  cease. 

Irritability  may  also  be  abolished  by  special  means.  For  in- 
stance, exposure  to  the  vapour  of  chloroform  or  ether  destroys  the 
irritability  of  the  leaves  of  the  Sensitive  Plant.  Again,  it  may  be 
abolished  by  repeated  stimulation,  the  interval  between  the  stimu- 
lations being  very  short.  This  has  been  observed  in  the  case  of 
the  leaves  of  the  Sensitive  Plant  and  of  Dionsea. 

§  17.  Mechanism  of  the  Movements.  The  ultimate  factor 
in  the  mechanism  of  the  vital  movements  of  plants,  whether  spon- 
taneous or  induced,  is  the  motility  of  the  protoplasm  (see  p.  670). 

Though  the  intimate  mechanism  6f  the  motility  of  protoplasm 
is  not  fully  understood,  yet  a  consideration  of  the  mechanism  of 
the  movements  described  above  will  be  instructive.  With  regard 
to  the  streaming  movement  of  the  pi*o  to  plasm,  it  is  probably  due" 
to  wave-like  contractions  and  expansions  of  the  protoplasm.  The 
mechanism  of  the  movements  of  the  contractile  vacuoles  appears 
to  be  this  :  the  systole  of  the  vacuole  is  due  to  the  sudden  active 
contraction  of  the  protoplasm,  the  contained  liquid  being  expelled; 
the  diastole,  to  the  active  but  gradual  expansion  of  the  protoplasm, 
the  cavity  of  the  vacuole,  as  it  enlarges,  being  filled  with  liquid. 
The  protrusion  and  retraction  of  pseudopodia  in  amoeboid  move- 
ment may  be  accounted  for  in  the  same  way ;  the  protrusion  is 
probably  analogous  to  the  diastole  of  the  contractile  vacuole,  the 
retraction  to  the  systole.  A  similar  explanation  may  be  ofEered 
of  ciliary  movement. 

The  movements  ot  cellular  members  take  place  in  a  definite 
region,  which  may  be  distinguished  as  the  motile  region ;  this  is, 
in  growing  members,  the  region  of  elongation  (see  p.  738)  ;  and,  in 
mature  members,  is  a  more  or  less  well-marked  region  of  motile 
tissue  which  may  constitute  a  distinct  motile  organ  (e.g.  pulvinus 
of  a  motile  leaf).  The  movements  depend  essentially  upon  varia- 
tions in  bulk  of  the  cells,  and  these,  in  turn,  upon  variations  in 
turgidity  (see  p.  668).  It  is  clear  that  if  the  turgidity,  that  is 
the  hydrostatic  pressure  of  the  cell-contents,  increases,  the  cell 
will  expand  provided  that  the  wall  be  extensible  ;  and  conversely, 
that  if  the  turgidity  diminishes,  the  cell  will  shrink,  provided  the 
wall'  be  elastic.  Movement  can  only  take  place  when  the  cell- 
walls  possess  these  physical  properties :  hence,  the  pulvinus  of 
mature  motile  leaves  consists  mainly  of  parenchymatous  cells  with 
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unlignified  walls,  the  lignified  tissue  being  reduced  as  much  as 
possible :  similarlj,  in  the  elongating  region  of  growing-members 
the  cell-walls  are  thin  and  onlig^ified.  But  whilst  the  movements 
of  variation  (p.  737)  are  the  result  of  a  sudden  loss  of  tnrgidity, 
which  is  either  spontaneous  or  the  effect  of  stimulation,  the  move- 
ment of  growth  depends  upon  the  maintenance  of  turg^ditj,  and 
the  variations  in  the  rate  of  growth  (see  p.  738)  are  the  expression 
of  variations  in  the  degree  of  turgiditj. 

Brief  allusion  may  here  be  made  to  the  coDtroversy  as  to  the  meohanies  of 
growth  of  the  cell-wall.  The  two  conflicting  theories  are  (1)  the  theory  of 
intu$tu$eeption,  according  to  which  the  growth  of  the  cell-wall  is  due  to  the 
intercalation  of  new  particles  (micelhe)  of  solid  substance  between  the  already 
existing  particles  of  the  wall ;  and  (2)  the  theory  of  apposition^  according  to 
which  the  growth  of  the  cell-wall  is  due  to  the  repeated  deposition  of  layers  of 
sabstance  on  the  internal  surface  of  the  original  wall.  Neither  of  these  theories 
gives  a  completely  satisfactory  explanation  of  all  the  phenomena  of  growth  of 
the  cell-wall,  nor  are  tbey  mntually  exclusive.  It  seems  that  the  growth  in 
sat  face  of  the  cell- wall  can  be  most  satisfactorily  explained  on  the  intnssns- 
ception-theory,  and  the  growth  in  thickness  on  the  apposition-theory.  Both 
theories,  as  generally  stated,  seem  to  involve  the  assumption  that  the  growth  in 
surface  of  the  cell-wall  is  dependent  upon  the  turgidity  of  the  cell :  but  this 
assumption  is  not  necessary  to  the  intussusception-theory,  and  it  is  probably 
even  inadmissible. 

The  following  instances  will  serve  to  illustrate  the  foregoing 
considerations. 

A  simple  case  is  offered  by  the  induced  movement  of  the  stamens 
of  the  CynareaB  (p.  692).  When  at  rest,  the  cells  of  the  filaments 
are  expanded  in  the  direction  of  their  length,  and  are  turgid ;  on 
stimulation,  the  cells  suddenly  shorten  and  become  flaccid,  having 
lost  a  portion  of  their  cell-sap.  The  expanded  state  is  regained  by 
the  gradual  expansion  of  the  cells,  turgidity  being  restored  by  the 
absorption  of  water. 

In  the  foregoing  case,  all  the  cells  of  the  motile  portion  are 
affected ;  but  in  many  cases  some  only  of  the  cells  are  affected. 
Thus,  in  the  case  of  the  leaf  of  the  Sensitive  Plant,  the  primary 
petiole,  when  at  rest,  stands  out  nearly  at  right  angles  to  the  stem 
(Fig.  472,  p.  690)  :  on  stimulation,  it  sinks  downwards  so  as  to 
form  an  acute  angle  with  the  intemode  below  its  insertion.  The 
mechanism  is  this  :  when  at  rest,  the  cells  of  the  pulvinus  are  all 
turgid,  and  they  support  the  petiole  in  its  normal  position :  on 
stimulation,  the  cells  of  the  lower  portion  of  the  pulvinus  lose 
their  turgidity,  water  escaping  from  them  into  the  intercellular 
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spaces;  these  cells,  being  flaccid,  are  nnable  to  counteract  the 
downward  pressure  of  the  still  turgid  cells  of  the  upper  half  of  the 
pulyinns,  and  to  support  the  weight  of  the  leaf ;  consequently  the 
primary  petiole  sinks  downwards.  The  same  mechanism  obtains 
in  the  movements  of  the  leaflets  and  of  the  secondary  petioles ;  the 
only  difference  being  that,  in  the  pulvinus  of  a  leaflet,  it  is  the 
cells  of  the  upper  half  of  the  pulvinus  which  lose  their  turgidity 
on  stimulation,  so  the  leaflet  is  raised  upwards ;  and,  in  the  pul- 
vinus of  the  secondary  petiole,  it  is  the  cells  of  the  inner  half 
which  lose  their  turgidity,  so  the  secondary  petioles  approach  the 
middle  line.  This  account  is  also  applicable  to  all  side-to-side 
movements,  such  as  that  of  the  leaf  of  Dioneea,  and  that  of  the 
stamens  of  Berberis  and  Mahonia. 

The  heliotropic  or  other  curvatures  taking  place  in  the  elonga- 
ting region  of  growing  cellular  members,  are  due  to  the  shortening 
of  the  cells  on  the  side  becoming  concave,  and  to  the  elongation  of 
the  cells  on  the  side  becoming  convex.  The  mechanism  of  the 
curvature  seems  to  depend  in  this  case  not  so  much  upon  a  differ- 
ence of  turgidity  between  the  cells  of  the  two  sides  as  upon  a 
difference  in  its  effect :  whereas  turgidity  induces  the  usual  longi- 
tudinal elongation  of  the  cells  of  the  convex  side,  it  induces  longi- 
tudinal shortening  in  the  cells  of  the  concave  side  in  consequence 
of  extension  in  the  other  dimensions. 

Turgidity  is  then  the  main  factor  in  the  mechanism  of  the  move- 
ments of  cellular  members  ;  its  mechanical  importance  is  further 
strikingly  illastrated  by  the  great  rigidity  of  turgid  members,  and 
by  the  great  force,  equivalent  in  same  cases  to  twenty  times  the 
atmospheric  pressure,  which  they  develope  in  opposition  to  ex- 
ternal resistance,  as  when  the  roots  of  trees  cause  the  splitting  of 
walls  or  of  pavements.  Although  one  essential  factor  in  turgidity 
(see  p.  668)  is  the  purely  physical  osmotic  activity  of  substances 
in  the  cell-sap,  it  must  not  be  forgotten  that  it  also  depends  upon 
the  resistance  offered  by  the  protoplasm  to  filtration  under  pres- 
sure :  so  that  the  maintenance  of  turgidity  is  after  all  a  vital  act. 
The  maintenance  of  turgidity  appears,  in  fact,  to  depend  upon  a 
certain  state  of  molecular  aggregation  of  the  protoplasm  lining 
the  cell-wall,  in  which  it  offers  resistance  to  the  escape  of  the 
cell-sap ;  whereas  in  the  flaccid  condition  the  state  of  molecular 
aggregation  of  the  protoplasm  is  such  that  it  readily  permits  the 
escape  of  the  cell-sap  under  the  elastic  pressure  of  the  cell- wall. 

Whilst  the  fundamental  mechanism  of  the  movement  of  mature 
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motile  raerabers  and  that  of  growing  members  is  essentially  the 
same,  there  is  this  secondary  difference  between  the  two  cases. 
The  change  of  position  which  is  the  result  of  the  movement  of 
matnre  members,  is  reversible  ;  thej  can  return  to  their  former 
position  :  the  change  of  position,  curvature  for  instance,  of  growing 
members  is  reversible  only  so  long  as  it  has  not  been  rendered 
permanent  by  actual  deposition  of  substance.  Thus  the  changes  of 
position  due  to  the  nutation  (p.  741)  of  growing  members  are  only 
temporary,  for  they  are  of  brief  duration  ;  but  changes  of  position 
due  to  some  directive  influence  acting  for  a  considerable  time 
become  permanent,  for  instance,  the  light-positions  (p.  748)  assumed 
by  growing  members. 

The  general  conclusion  to  be  drawn  from  the  consideration  of 
the  phenomena  of  movement  is  that  motile  protoplasm  may  be  in 
one  of  two  states  of  aggregation ;  either  in  the  state  of  estpansion, 
or  in  the  stale  of  contraction ;  and  that  it  is  capable  of  passing  from 
the  one  state  to  the  other :  in  fact  the  term  *^  motility  "  simply 
means  the  property  in  virtue  of  which  the  protoplasm  can  change 
its  state  of  aggregation.  In  the  case  of  cellular  members,  the 
state  of  expansion  is  that  in  which  the  protoplasm  is  impermeable 
to  the  cell-cap,  and  the  cell  is  turgid ;  whereas  the  state  of  con- 
traction is  that  in  which  the  protoplasm  is  permeable  to  the  cell- 
sap,  and  the  cell  is  consequently  flaccid.  The  stAte  of  expansion 
may  be  regarded  as  the  normal  condition :  the  state  of  contraction 
is  a  more  or  less  sudden  deviation  from  this  condition,  the  result 
of  the  action  of  internal  or  external  causes ;  of  internal  causes,  as 
in  the  case  of  the  spontaneous  movements ;  of  external  causes,  as 
in  the  case  of  the  induced  movements. 

This  acoouut  of  the  mechanism  of  the  movement  of  ceUalar  members  applies 
equally  to  the  production  of  the  root-pressure  (see  p.  701)  and  to  the  opening 
and  closing  of  the  stomata  (see  p.  698). 

The  ultimate  point  to  be  considered  is  the  conception  to  be 
formed  as  to  the  nature  of  the  change  of  state  of  the  protoplasm. 
It  has  been  ascertained  that,  in  the  more  striking  cases  of  induced 
movements,  such  as  those  of  the  leaves  of  the  Sensitive  Plant,  the 
passage  from  the  stat-e  of  expansion  to  that  of  contraction  is  accom- 
panied by  a  rise  of  temperature,  and  by  certain  electrical  phe- 
nomena :  this  indicates  that  it  is  intimately  connected  with  some 
catabolic  process.  It  appears  probable  that  the  rapid  passage 
from  the  expanded  to  the  contracted  state  is  determined  by  the 
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sadden  explosive  decomposition  of  some  complex  substance.  In 
the  spontaneous  or  automntic  movements,  the  decomposition  takes 
place  spontaneonslj  ;  in  the  induced  movements,  the  decom- 
position is  determined  hj  the  action  of  the  stimulus.  Though  the 
phenomena  in  qnestion  have  onlj  been  observed  in  cases  in  which 
the  contraction  is  sadden  and  violent,  yet  the  explanation  is 
applicable  to  all  cases  of  contraction.  It  appeal's,  therefore,  that 
all  movements  associated  with  contraction  are  attended  by  a 
dissipation  of  energy  in  the  form  of  heat  and  electricity.  Daring 
the  gradual  resumption  of  the  expanded  condition,  a  process  of 
anabolism  probably  goes  on  which  leads  to  the  formation  of  a  fresh 
quantity  of  the  decomposable  substance,  in  consequence  of  which 
the  protoplasm  again  becomes  irritable  and  capable  of  performing 
another  movement. 

The  effect  of  various  external  conditions,  such  as  exposure  to 
light,  long-continued  darkness,  deprivation  of  oxygen,  etc.,  in 
i-etarding  or  inhibiting  movement,  may  be  ascribed  generally  to 
an  interference  with  the  motility  of  the  protoplasm,  and  more 
especially  to  an  interference  with  the  change  in  its  state  of  aggre- 
gation upon  which  the  variation  in  turgidity,  leading  to  movement, 
depends.  For  instance,  the  retardation  of  the  rate  of  growth  by 
light,  is  the  result  of  a  diminished  degree  of  turgidity  as  is  proved 
by  the  diminution  of  the  tissae- tensions.  The  arrest  of  movements 
of  variation  by  darkness  is  probably  to  be  ascribed  to  the  suppres- 
sion of  the  chemical  processes  active  in  the  formation  of  substances 
upon  the  presence  of  which  the  passage  of  the  protoplasm  from 
the  state  of  expansion  to  that  of  contraction  depends  :  and  it  may 
be  that  the  effect  of  light  in  inducing  the  condition  of  photo  tonus 
(see  p.  760)  is  due  to  its  influence  in  promoting  these  chemical 
processes. 

In  conclusion,  the  mechanical  work  done  in  connexion  with 
movement  remains  to  be  considered,  especially  in  relation  to 
cellular  members.  In  the  movement  of  such  a  member,  the  work 
is  done  by  those  cells  whose  protoplasm  is  in  a  state  of  expansion, 
not  by  those  whose  protoplasm  is  in  a  state  of  contraction.  This 
is  a  point  of  special  physiological  interest ;  for,  on  analogy  with 
animals,  the  contrary  might  be  assumed  to  be  the  case.  For 
instance,  the  great  force  which  can  be  exerted  by  a  root  (see  p. 
763)  is  the  outcome  of  the  turgidity  of  its  cells,  that  is,  of  the 
expanded  condition  of  their  protoplasm.  Similarly,  in  the  induced 
movement  of  the  leaf  of  a  Sensitive  Plant,  the  work  is  done,  not 
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by  the  flaccid,  bnfc  bj  the  still  turgid  cells  of  the  pulvinus ;  and 
the  leaf  is  eventnallj  raised  to  its  normal  position  bj  the  gradual 
resumption  of  tiirgidity,  that  is,  of  the  expanded  condition  of  the 
protoplasm,  by  those  cells  of  the  pulvinns  which  had  become 
flaecid  as  the  result  of  the  assumption  of  the  contracted  state  on 
stimulation. 


CHAPTER  IV. 
SPECIAL  PHYSIOLOGY   OP  REPRODUCTION. 

§  18.  Introductory.  It  has  been  already  stated  (see  pp.  8, 
67i  670)  that  reproduction  consists  essentially  in  the  throwing 
ofE  by  the  individual  of  a  portion  of  its  protoplasm  which  does 
not  merely  grow  but  developes  into  a  new  organism  ;  and  that  two 
modes  of  reproduction,  vegetative  multiplication  and  spore-reprodiic- 
tion  may  be  conveniently  distinguished,  though  they  are  not 
absolutely  distinct. 

Reproduction  has  been  considered  so  far  mainly  from  the 
morphological  standpoint,  and  it  now  remains  to  discuss  it  from 
the  physiological  point  of  view.  Tho  most  important  general 
consideration  is  that  reproduction  is  a  function  of  embryonic,  as 
distinguished  from  adult,  protoplasm.  But  it  must  not  be  over- 
looked that  all  embryonic  protoplasm  is  not  necessarily  reproduc- 
tive :  and  it  is  interesting  to  trace  the  differences  in  this  respect, 
presented  by  various  kinds  of  embryonic  protoplasm.  To  begin 
with,  there  is  no  doubt  that  the  merismatic  cells  of  the  cambium 
are  embryonic  (see  p.  18)  ;  but  they  are  not  at  all  reproductive,  for 
they  cannot  give  rise  to  a  new  member,  still  less  to  a  new  organ- 
ism ;  they  can  only  add  to  the  bulk  of  the  body  of  which  they  form 
part,  by  the  development  of  new  tissue.  Again,  the  protoplasm 
of  a  growing-point  is  embryonic,  but  it  is  only  imperfectly  repro- 
ductive ;  it  possesses  this  property  to  the  extent  that  it  not  only 
contributes  to  the  increase  of  the  member  to  which  it  belongs, 
but  also  developes  new  members.  Finally,  the  protoplasm  of  a 
reproductive  cell,  such  as  a  spore,  is  embryonic  and  is  completely 
reproductive ;  for  it  does  not  in  any  degree  contribute  to  the  bulk 
of  the  parent-organism,  but  gives  rise  to  a  new  individual. 

Whilst  the  embryonic  character  of  cytoplasm  is  probably 
dependent  upon  the  presence  of  a  large  proportion  of  kinoplasm 
(see  p.  95),  there  is  at  present  no  means  of  distinguishing  by 
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inspectioa    between    merely  histogenic    and    truly  reproductive 
cytoplasm. 

§  19.  Vegetative  Multiplication.  This  mode  of  reproduc- 
tion is  distinguished  as  vegetative,  because  it  is  carried  on  by  the 
vegetative  organs  of  the  plant,  and,  in  the  simpler  cases,  it  is  not 
distinguishable  from  the  ordinary  processes  of  growth;  though, 
in  its  higher  forms  it  approximates  to  reproduction  by  spores. 
The  simpler  cases  refered  to  are  those  of  unicellular  organisms : 
these,  when  they  have  reached  by  growth  their  characteristic 
limit  of  size,  undergo  cell-division,  with  the  result  that  each  new 
cell  constitutes  a  new  individual :  here,  multiplication  is  effected 
by  a  purely  vegetative  process,  which,  in  a  multicellular  plant, 
would  merely  result  in  an  increase  in  the  number  of  the  cells  of 
which  the  individual  consists.  Much  the  same  thing  occurs  in 
higher  plants  when  (as  in  many  Bryophyta,  and  in  rhizomatous 
Pteridophyta  and  Phanerogamia)  the  main  shoots  die  away,  and 
the  isolated  lateral  branches  constitute  new  independent  in- 
dividuals. Something  of  a  similar  kind  also  takes  place  in  the  arti- 
ficial multiplication  of  plants  by  means  of  cuttings  :  in  many  plants, 
but  by  no  means  all,  if  a  shoot  be  cut  off  and  be  kept  under 
favourable  circumstances  with  its  cut  end  in  suitable  soil,  the 
cutting  will  complete  its  segmentation  by  the  development  of 
roots,  and  will  then  be  a  new  individual.  Not  uncommonly, 
certain  parts  of  the  body  may  become  more  or  less  specially 
modified  to  effect  vegetative  propagation:  for  instance  buds 
become  developed  into  bulbs  or  into  bulbils  (see  p.  68),  or  portions 
of  the  stem  or  the  root  become  tuberous.  But  the  specialisation 
which  may  be  regarded  as  the  highest  of  all,  because  it  approaches 
most  nearly  to  spore- reproduction,  and  involves  the  entire  develop- 
ment of  all  the  the  new  members,  is  that  of  gemmae  in  which  the 
vegetative  reproductive  body  is  not  merely  a  modified  member  of 
the  parent,  but  is  a  special  development  consisting  in  some  cases 
of  only  a  single  cell  (e.g.  gemmsB  of  some  Algse  and  Liverworts, 
p.  67;  oidium-cells  of  Fungi,  p.  274).  Something  of  the  same 
kind  occurs  amongst  the  higher  plants,  such  as  some  Ferns, 
Bryophyllum,  etc.,  where  an  entirely  new  structure,  a  bud,  is 
developed  on  the  leaf,  and  produces  stem,  leaves  and  roots ;  it  is 
in  this  way  that  Begonias  are  artificially  propagated. 

An  iateresting  aitificial  mode  of  vegetative  propagation  is  that  known  as  draft- 
ing or  budding^  in  which  a  young  shoot  or  a  bud,  termed  the  tcion,  of  one  plant 
is  inserted  into  the  stem  of  another,  though  allied  plant,  the  stock.    Generally 
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speaking,  though  the  scion  and  the  stock  grow  together  so  as  to  form  one  plant, 
they  do  not  affect  each  other,  the  scion  retaining  its  own  peculiar  characters 
{e.g,  grafting  of  fruit-trees,  budding  of  roses).  But  it  is  affirmed  that  in  some 
cases  the  scion  and  stock  do  mutually  effect  each  other,  giving  rise  to  shoots 
which  present  a  mixture  of  their  respective  characters :  such  are  termed  ffraft- 
hybiid$. 

An  important  fact  connected  with  vegetative  reproduction  is 
that  it  is  associated  with  a  rejavenescenceof  the  protoplasm.  For 
example,  when  an  adnlt  cell  of  a  unicellnlar  plant,  such  as  Pleura- 
coccus  (Fig.  166,  p.  236)  divides,  it  gives  rise,  not  to  adnlt  cells, 
but  to  young  ones :  and  a  cutting  produces  a  young  plant,  not  an 
old  one. 

The  relation  of  vegetative  reproduction  to  the  alternation  of 
generations  is  of  importance.  In  the  lower  plants  (e.g.  Thallo- 
phyta  and  Bryophyta)  where  the  gametophyte  is  the  conspicuous 
generation,  it  is  this  generation  which  multiplies  itself  vegeta- 
tively,  although  vegetative  I'eproduction  of  a  somewhat  different 
kind  has  been  artificially  induced  in  the  sporophyte  of  some  Mosses 
(p.  362)  ;  but  in  the  Pbanerogamia  it  is  exclusively  the  sporophyte 
which  thus  multiplies  itself.  In  the  Pteridophyta,  whilst  vegeta- 
tive multiplication  of  the  sporophyte  is  common,  the  gametophyte 
still  retains  this  capacity  in  certain  cases  (some  Ferns,  p.  403; 
Lycopodium,  p.  425).  Vegetative  multiplication  does  not,  as  a 
rule,  affect  the  alternation  of  generations,  each  generation  pro- 
ducing its  like :  the  exceptions  are  afforded  by  cases  of  apogamy 
and  apospory  (see  p.  87),  in  which  the  one  generation  is  developed 
vegetatively  from  the  other;  that  is,  vegetative  propagation 
replaces  spore-formation. 

§  20.  Spore-Reproduction  (see  p.  68).  The  highest  degree 
of  reproductive  capacity  is  that  possessed  by  spores.  Though 
they  are  single  cells,  they  are  nevertheless  capable,  each  by  it- 
self, of  giving  rise  to  a  plant-body  which,  as  in  the  higher  plants, 
may  present  complete  morphological  and  histological  differentia- 
tion. 

The  transition  from  vegetative  propagation,  through  the  unicel- 
lular gemmee,  to  the  simpler  forms  of  spore-reproduction  is  so 
gradual  that  it  is  difficult  in  many  cases  to  distinguish  them. 
But  there  is  one  fact  which  may  often  serve  as  a  criterion,  and 
that  is  that,  at  least  in  the  lower  plants,  the  spoi-es  are  much  more 
resistant  to  unfavourable  external  conditions,  such  as  drought  and 
extremes  of  temperature,  than  are  gemmee.     This  is  due  partly 
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no  doubt  to  the  lirmer  cell- wall  of  spores,  bat  mainly  to  a  differ- 
ence in  the  condition  of  the  protoplasm  in  the  two  cases  :  for 
gemmsB  are  especially  adapted  for  rapid  propagation  under 
favourable  conditions.  In  fact  the  main  object  attained  by  spore- 
reproduction  is  the  maintenance  of  the  species  through  a  period 
of  conditions  which  would  be  fatal  to  the  life  of  the  individual 
plant. 

In  Phanerogams,  in  which  the  conditions  of  spore-formation  are  peculiar 
(see  p.  431),  the  function  of  maintaining  the  species  through  a  period  of  un- 
favourable conditions  is  triinsferred  to  the  seeds  which,  like  the  spores  of  lower 
plants,  have  a  great  capacity  for  endurance. 

Most  plants,  and  probably  all,  produce  spores ;  and  from  the 
physiological  point  of  view  there  are  two  modes  of  origin  of  spores 
(p.  69)  :  they  are  developed  either  asexualhj  or  sexually.  In  the 
lowest  plants  {e.g.  CyanophyceoB,  Schizomycetes,  etc.),  as  also  in 
others  which  have  become  sexually  degenerate  (Fungi,  such  as 
the  ^cidiomycetes  and  Basidiomycetes),  spores  are  only  produced 
asexually  :  wherests  in  sexual  plants  there  is  a  sexual  formation  of 
spores,  either  exclusively  (some  Algse,  such  as  the  Conjngatae,  the 
FucacesB,  and  the  Charoideae),  or,  as  is  more  commonly  the  case, 
together  with  asexual  spore-formation.  In  the  higher  sexual 
plants  (Bryophyta,  Pteridophyt^,  Phanerogamia)  asexnal  spore- 
formation  is  entirely  restricted  to  the  sporophyte ;  whilst  in  the 
lower  plants  in  which  an  alternation  of  generation  pan  be  traced 
{e.g.  most  Algee  and  Fungi)  the  gametophyte  retains  the  capacity 
of  multiplying  itself  by  the  asexual  formation  of  spores  which  are 
distinguished  as  gonidia  (see  p.  220).  The  essential  difference 
between  gonidia  and  asexual ly-prod need  spores  is  emphasised  by 
the  fact  that  whereas  the  former  serve  merely  to  reproduce  the 
organism  producing  them,  that  is  the  gametophyte,  or  some  form 
of  it  when  it  is  polymorphic,  so  that  the  alternation  of  generations 
is  unaffected,  the  latter  only  give  rise  to  the  antithetic  form  in  the 
alternation  of  generations,  that  is,  to  the  gametophyte. 

The  retention  by  the  gametophyte  of  the  lower  plants  of  the 
capacity  for  reproduction  by  gonidia  is  of  special  interest  in  that 
it  throws  light  upon  the  course  of  evolution  of  sexual  from 
primitive  asexual  forms.  Thus,  the  lowest  Algee  are  asexual, 
reproducing  themselves  solely  by  asexually  produced  spores  often 
of  the  nature  of  zoospores.  But  in  the  course  of  evolution  (see 
p.  226)  some  of  these  zoospores  developed  into  sexual  reproductive 
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cells  (gametes),  whilst  others  remained  simply  zoospores ;  so  that 
the  plant  becomes  a  gametophyte  still  possessing  the  capacity  of 
reproducing  itself  asexually  by  zoogonidia,  though  in  some  forms 
(Conjugates,  Fucaceae,  Charoideee)  this  capacity  has  entirely 
disappeared. 

The  evolution  of  the  entirely  asexual  sporophyte  is  to  be  traced 
to  the  advantage  gained  by  the  development  of  more  than  a 
single  organism  from  the  sexually-produced  spore,  that  is,  by  poly- 
embryony.  Thus  in  Vaucheria  and  Chara  the  oospore  gives  rise 
directly  to  a  single  sexual  individual,  and  the  oospore  is  all  that 
represents  the  sporophyte  in  the  life-history  of  these  Algae ;  and 
this  applies  also  to  Fucus,  but  here  a  multiplication  of  individuals 
is  attained  by  the  development  of  eight  oospheres  in  the  oogonium. 
A  rudimentary  form  of  poly  embryony  is  presented  by  the  Desmids 
where  the  zygospore  gives  rise  to  two  individuals.  It  is  more 
marked  in  such  plants  as  Spheeroplea  and  CEdogonium,  where  the 
oospore  gives  rise  to  several  (2-8)  zoospores  from  each  of  which 
a  new  sexual  individual  is  developed :  here  the  oospore  and  its 
zoospores  represent  the  sporophyte.  The  sporophyte  first  makes 
its  appearance  as  a  distinct  cellular  organism  in  Coleochaete 
(p.  250),  and  from  this  point  onwards  its  further  evolution  can 
be  readily  traced  through  the  sporogonium  of  the  Bryophyta  to 
the  Pteridophyta  and  Phanerogamia  where  it  is  the  predominant 
form  in  the  life-history.  The  sporophyte  is  thus  essentially  gamo- 
genicy  that  is,  it  is  developed  as  the  result  of  a  sexual  process 
(p.  69). 

Whilst  in  the  majority  of  cases  the  pporopbyte  is  developed  from  a  sexuallj- 
produced  spore,  it  is  sometimes  developed  from  the  fertilised  female  organ ; 
this  is  the  case  in  plants  in  which  there  are  either  no  differentiated  gametee 
(e.g.  Eremapcus,  p.  297),  or  do  differeDtiated  female  gamete  (e,g.  Bhodophyces, 
p.  269) ;  but  it  is  still  the  product  of  a  sexual  process.  In  some  cases  of 
sexual  degeneration  {e.g.  apogamous  Ferns,  p.  378 ;  Ascomycetes,  p.  298)  the 
sporophyte  is  developed  vegetatively  (p.  87). 

The  sexual  formation  of  spores  is  the  result  of  the  fusion  of 
two  sexual  reproductive  cells  or  gametes,  neither  of  which  is,  as  a 
rule,  capable  by  itself  of  developing  into  a  new  individual  ; 
though,  in  some  of  the  lower  plants  in  which  sexual  differentia- 
tion is  incomplete  (e.g,  Ulothrix,  Ectocarpus;  see  p.  226)  the 
gametes  may  germinate  independently.  The  act  of  fusion  is  a 
sexual  process,  and  the  result  is  a  cell  (oospore  or  zygospore,  p. 
80)  which  proves  itself  to  be  a  spore  by  developing  into  a  new 
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individaal  which,  in  all  plants  presenting  alternation  of  genera- 
tions, is  the  sporophjte. 

In  some  oases  the  spore  Is  formed  from  a  gamete  without  any  sexnal 
process,  that  is,  parthenogeneticallu  (p.  87) ;  this  applies  to  the  imperfectly 
sexual  gametes  of  Ulothrix  and  Ectocarpu3  mentioned  above,  whence  it  follows 
that  there  can  be  both  male  and  female  partheuogen«>sis  ;  to  the  azygospores 
of  some  Zygomycetes  (pp.  288,  290) ;  to  the  oospores  developed  in  the  oogonia 
of  the  Saprolegniaoeie  (p.  294) »  and  to  that  of  Chara  crinita  (p.  254). 

It  has  been  ascertained,  in  plants  other  than  the  Thallophjta, 
that  the  nncleus  of  the  sexually-produced  spore  contains  twice  as 
man  J  chromosomes  (p.  119)  as  does  that  of  either  of  the  gametes  ; 
for  instance,  if  the  number  of  chromosomes  in  the  nucleus  of  the 
gamete  be  twelve,  that  in  the  nucleus  of  the  oospore  will  be 
twenty-four;  and  since  the  sporophyte  is  developed  from  the 
oospore,  the  number  of  chix>mosomes  in  the  nucleus  of  each  of  its 
cells  is  also  twenty-four,  and  is  twice  as  great  as  that  in  the 
nucleus  of  the  cells  of  the  gametophyte.  But,  since  the  gameto- 
phyte  is  agamogenic,  being  developed  from  the  asexually- prod  need 
spores  of  the  sporophyte,  the  question  arises  as  to  how  this 
reduced  number  of  chromosomes  is  aiTived  at.  It  is  simply  due 
to  the  fact  that  when  the  nucleus  of  a  spore-mother-cell  is  about 
to  divide,  the  fibrillar  network  breaks  up  into  only  half  the 
number  of  chromosomes  characteristic  of  the  sporophyte  (for 
instance,  twelve  instead  of  twenty-four)  ;  hence  the  spore,  when 
formed,  contains  the  reduced  number  of  chromosomes  character- 
istic of  the  gametophyte  and  is,  in  fact,  the  first  term  of  that 
generation. 

These  points  have  Dot  yet  been  fully  investigated  in  the  Thallophyta»  in 
which  group  various  special  questions  arise.  For  instance,  as  already  pointed 
out,  in  many  of  these  plants  the  gametophyte  is  directly  developed  from  the 
sexually-produced  spore,  and  yet  there  can  be  little  doubt  that  the  nuclei  of 
the  gametophyte  each  contain  only  balf  the  number  of  chromosomes  present 
in  the  nucleus  of  this  spore;  for,  were  it  otherwise,  each  sexual  act  would 
involve  the  doubling  of  the  number  of  the  chromosomes  in  the  nuclei  of  the 
succeeding  generation,  and  by  continued  repetition  of  the  process  the  number 
would  become  indefinitely  large.  It  seems  probable  that  a  reduction  in  the 
number  of  the  chromosomes  takes  place  early  in  the  germination  of  the 
sexnally-produced  spore.  Thus  it  has  been  observed  in  certain  Desmids  that 
the  nncleus  of  the  germinating  zygospore  divides  into  four,  but  the  product  is 
only  two  new  individuals  each  with  a  single  nucleus ;  and  similarly,  that  the 
nucleus  of  tbe  zygospore  of  Spirogyra  divides  into  four,  yet  the  unicellular 
embryo  contains  but  a  single  nucleus.  Then  there  is  the  further  question  as 
to  the  number  of  chromosomes  in  the  nuslei  of  the  gouidia  and  in  those  of 
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parthenogenetically  produced  Bporss;  and  the  phenomena  of  apcgamy  and 
apospory  in  the  higher  plants  also  require  investigation  from  this  point  of 
view. 

§  21.  Sexual  Reproduction. — The  sexual  process  consists 
typically,  though  not  exclusively  (see  pp.  225,  275)  in  the  fusion  of 
two  gametes,  that  is,  of  two  sexual  reproductive  cells,  and  it  is  to 
this  typical  case  only  that  reference  is  here  made. 

The  process  consists  essentially  in  the  fusion  of  the  homologous 
parts  of  the  gametes.  In  the  Phanerogams,  in  which  the  process 
has  been  most  minutely  investigated,  it  is  briefly  as  follows : — 
The  male  gamete,  being  smaller  and  more  active  than  the  female, 
enters  the  latter  (see  Figs.  298,  302) ;  then  the  centrospheres  of 
the  two  gametes  fuse,  and  then  their  nuclei,  male  nucleus  (or 
pronucleus)  with  female  nucleus  (or  pronucleus),  to  form  the 
nucleus  of  the  oospore,  and  with  that  the  process  is  complete. 
But  the  fusion  of  the  nuclei  is  not  accompanied  by  any  fusion  of 
their  respective  chromosomes  ;  these  remain  distinct,  so  that  there 
are  twice  as  many  of  them  as  in  the  nucleus  of  either  gamete: 
but  when  the  oospore  begins  to  germinate,  the  first  division  of  its 
nucleus  takes  place  in  such  wise  that  each  half  receives  an  equal 
number  of  chromosomes  derived  from  each  of  the  sexual  nuclei. 
No  doubt  the  process  is  essentially  the  same  in  all  other  cases. 

The  first  question  which  naturally  arises  is  as  to  the  nature  of 
sexualHy ;  the  question,  namely,  as  to  what  difference,  if  any,  can 
be  observed  between  a  gamete  and  an  asexually-produced  spore. 
To  this  question  no  answer  can  at  present  be  given  ;  no  difference 
can  be  detected  between  a  gamete  and  a  spore ;  in  all  plants  in 
which  the  matter  has  been  investigated,  in  a  Fern,  for  instance, 
it  is  now  known  that  the  number  of  chromosomes  in  the  nucleus  is 
the  same  in  the  gamete  as  in  the  spore. 

It  was  thought  that  there  was  an  essential  observable  difference  between 
a  gamete  and  a  spore,  of  this  nature,  that  the  nucleus  of  the  gamete  contained 
fewer  chromosomes  than  did  that  of  the  spore.  It  had  been  observed  in  many 
cases  that,  as  part  of  the  development  of  a  gamete,  a  portion  of  the  proto- 
plasm of  the  mother-cell  was  thrown  off  as  a  polar  body  (see  p.  82),  and  it  was 
concluded  that  this  involved  the  reduction  by  half  in  the  number  of  chromo- 
somes in  the  nucleus  of  the  gamete,  and  thus  caused  it  to  differ  materially 
from  a  spore.  But  this  view  is  no  longer  tenable  in  face  of  the  fact  that  the 
reduced  number  of  chromosomes  in  the  nucleus  is  characteristic,  not  only  of 
the  gametes,  but  also  of  the  whole  gametophyte,  and  in  fact  of  the  spore  itself 
also  (see  p.  771).  The  polar  bodies  can  now  only  be  regarded  as  sister-cells  of 
the  gametes  and  as  equivalent  to  them,  though  not  functional. 
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It  must  not,  however,  be  concluded  that  because  there  is  no 
observable  difference  between  a  gamete  and  an  asexually-produced 
spore,  there  is  no  difference  whatever  between  them  ;  on  the 
contrary  it  is  clear  that  thej  differ  widely,  since  the  former 
cannot  (except  in  the  rare  cases  of  parthenogenesis),  whilst  the 
latter  can,  develope  into  a  new  organism. 

The  second  question  is  as  ^o  the  nature  of  sex :  what  is  the 
difference,  if  any,  between  a  male  and  a  female  gamete  ?  In 
some  cases  there  is  a  marked  external  difference  ;  for  instance,  in 
the  Pteridophyta,  Bryophyta,  and  many  Algae,  the  female  gamete 
is  a  large  motionless  oosphere,  whilst  the  male  gamete  is  a  small 
actively-swimming  spermatozoid.  But  this  marked  difference  is 
not  essential,  it  is  merely  adaptive  ;  it  is  an  adaptation  to  a  more 
or  less  aquatic  mode  of  life  or,  at  least,  of  fertilisation.  Moreover, 
it  is  obviously  inapplicable  in  explanation  of  the  many  cases  in 
which  the  two  conjugating  gametes  are  externally  quite  similar 
(isogamous  plants,  see  p.  80).  Nor  has  minute  microscopic  in- 
vestigation brought  to  light  any  distinguishing  criterion.  But  it 
must  not  be  concluded  on  this  account  that 'there  is  no  difference 
between  a  male  and  a  female  gamete ;  it  is  obvious  that  there  is 
an  essential  physiological  difference  between  them.  For,  were  it 
otherwise,  it  would  be  impossible  to  account  for  such  a  fact,  for 
instance,  as  that  even  where,  as  in  many  Algss,  the  gametes  are 
all  extruded  into  the  water,  fusion  never  takes  place  between  two 
male  or  two  female  gametes,  but  only  between  a  male  and  a 
female. 

Brief  allusion  may  be  made  to  the  means  by  which  the  sexual 
process  is  ensured.  It  might  be  thought  that  the  mojt  effectual 
means  would  be  the  development  of  the  male  and  female  organs 
in  close  propinquity  on  the  same  individual.  No  doubt  this  is 
the  case,  but  the  result  is  to  ensure  the  less  advantageous  mode 
of  the  process,  the  mode  of  self-fertilisation ;  in  fact,  in  many 
cases  in  which  the  male  and  female  organs  are  thus  developed  close 
together  as  in  monoecious  plants  (p.  86),  self- fertilisation  is  pre- 
vented by  dichogamy  (for  instance,  the  prothallia  of  Ferns,  p. 
399).  The  real  problem  is,  then,  to  ensure  a  sexual  process 
between  two  gametes  derived  from  distinct  individuals.  The  end 
is  attained  either  directly,  by  bringing  the  diverse  gametes 
together;  or  indirectly,  by  bringing  the  spores  together,  and 
consequently  also  the  gametophytes. 

The  method  of  bringing  the  two  gametes  together  is  essenti- 
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all  J  connected  with  the  aqaatic  mode  of  fertilisation.  It  has 
been  observed  and  investigated  in  plants  in  which,  whilst  the 
oosphere  is  motionless  and  remains  in  the  female  organ,  the 
spermatozoids  are  free-swimming;  and  it  is  among  the  most 
striking  phenomena  of  chemiotaxis  (see  p.  755).  In  various 
Mosses  and  Ferns  it  has  been  ascertained  that,  on  the  opening  of 
the  ai'chegoninm,  the  mncilage  which  is  extraded  includes  some 
substance  which  difiPnses  into  the  water  and  attracts  to  the 
archegoniam  an j  spermatozoid  that  maj  be  present ;  in  Mosses 
the  substance  in  question  is  cane-sugar ;  in  the  Ferns,  a  salt  of 
malic  acid. 

The  method  of  bringing  the  spores  together,  so  that  thej  maj 
germinate  near  each  other,  is  especially  characteristic  of  hetero- 
sporoQS  plants,  and  more  particularly  of  those  which  grow  erect  on 
dry  land.  It  is  thus  most  strikingly  exhibited  by  the  Phanero- 
gams, where  the  microspores  are  carried  by  the  wind  or  by  insects 
into  snch  a  position  that  they  germinate  in  proximity  to  the 
macrospores  (see  p.  452).  But  it  is  not  confined  to  land- plants, 
for  it  occars,  as  the  result  of  a  remarkable  adaptation,  in  Azolla 
(see  p.  411).  Nor  is  it  exclusively  restricted  to  heterosporous 
plants,  for  cross-fertilisation  in  the  Ferns  and  Mosses  is  largely 
dependent  upon  the  propinquity  of  a  number  of  gametophytes 
developed  from  spores  shed  without  being  scattered. 

Sexual  Affinity.  This  term  is  used  to  express  the  fact  that  a 
certain  relationship  must  exist  between  any  two  gametes  of  oppo- 
site sex  in  order  that  a  sexaal  process  may  take  place  between 
them  ;  when  the  limit  is  overstepped  in  the  direction  of  either  a 
too  close  or  a  too  remote  relationship,  the  process  will  either  not 
take  place  at  all,  or  the  offspring  will  be  few  and  feeble. 

The  most  fertile  sexual  process  is  that  taking  place  between  the 
gametes  of  different  individuals  of  the  same  species.  It  has  been 
proved  that  the  offspring  of  such  cross-fertilisation  have  the 
advantage  in  vigour  and  fertility  over  the  progeny  of  one  of  the 
same  plants  when  self-fertilised.  It  has,  in  fact,  been  proved 
that  in  many  Phanerogams  the  pollen  of  a  flower  is  incapable 
of  fertilising  the  oospheres  of  its  own  ovules ;  and  that  the  pollen 
from  another  flower  of  the  same  plant  is  only  slightly,  if  at  all, 
more  potent. 

A  sexual  process  may  also  take  place  between  the  gametes  of 
varieties  of  the  same  species ;  of  distinct  species  of  the  same 
genus ;  and  even  of  species  belonging  to  different  genera.     Such 
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a  process  is  known  as  hyhrldisattaii,  and  the  progeny  as  hybrids, 
the  hybrid  being  distinguished  as  a  variety- hybrid,  species-hybrid, 
or  genus-hybrid,  according  to  circumstances  (see  p.  457). 

Hybridisation  has  been  but  imperfectly  investigated  in  tbe  Tballophyta,  but 
it  is  known  to  take  place  between  Fucus  ierratut  $  and  F,  vesiculosm  9  :  in 
the  Mosses  some  species- bybrids  are  known,  and  a  few  genus-hybrids  (between 
the  allied  genera  Physcomifrium  and  Fimaria;  F.  hygrometrica  $  y,  P, 
pyriforme  9 ) :  in  tbe  Ferns  variety-hybrids  are  common,  and  several  species- 
hybrids  are  known :  in  Phanerogams  variety- hybrids  and  species-hybrids  are 
common,  and  several  genus-hybrids  are  known  (e.g,  between  Verbascum  and 
Gelsia ;  Brassioa  and  Baphanns ;  Galium  and  Asperula ;  Campanula  and 
Phyteuma;  Gymnadenia  and  Nigritella ;  Epiphyllum,  Cereus.andPbyllocaotus). 
Species-hybrids  are  usually  designated  by  a  combination  of  the  specific  names 
of  their  parents ;  as,  for  instance,  Digitalis  purpureo-lutea,  the  hybrid  resulting 
from  the  fertilisation  of  D.  lutea  with  pollen  of  D,  purpurea.  When  it  is  desired 
to  state  accurately  which  is  the  male  and  which  tbe  female,  such  an  expression 
as  Verba$cuin  Lyehnitii  $   x  phaniceum  $  is  used. 

Hybridisation  is  by  no  means  eqaally  common  in  all  families  ; 
thus,  among  Phanerogams,  whilst  it  is  common  in  such  orders  as 
the  Compositoe,  Scrophulariacese,  PoiygonaceaB,  Salicaceae,  and  Or- 
chidaceae,  it  is  comparatively  rare  in  the  Craciferae  and  Labiate?, 
and  quite  exceptional  in  the  Umbelliferee  and  Leguminosee.  And 
within  the  limits  of  any  one  natural  order  the  capacity  for  hybridi- 
sation is  not  the  same  in  all  genera ;  thus,  in  the  Gei-aniacesB,  the 
genus  Pelargonium  possesses  it  in  a  high  degree,  whilst  Geranium 
and  Erodium  do  not;  in  the  CaryophyllaceeB,  Dianthus  readily 
hybridises,  but  Silene  does  not ;  and  in  the  Iridaceoe  the  same 
contrast  exists  between  Gladiolns  and  Crocus  ;  and  the  same 
applies  to  the  various  species  of  any  given  genus.  Nor  are  all 
hybridisations  equally  fertile  as  estimated,  in  Phanerogams,  by 
the  number  of  sound  seeds  produced,  and  by  the  vigour  and 
fertility  of  the  resulting  hybrid-plants;  the  general  rule  being 
that  the  more  remote  the  two  species  hybridised,  the  more  delicate 
and  the  less  fertile  will  be  the  offspring,  and  in  fact  many  hybrids 
are  altogether  sterile ;  in  any  case  they  are  more  fertile  with 
pollen  from  one  of  the  parent-forms  than  with  that  of  other 
similar  hybrids.  It  is  only  when  the  relation  between  the  parents 
is  such  as  to  ensure  the  appropriate  degree  of  sexual  affinity  that 
the  product  of  the  union  is  a  vigorous  and  fertile  progeny. 

It  is  the  rule  that  hybridisation  is  reciprocal ;  that  is,  that  if  the 
oospheres  of  a  species  A  can  be  duly  fertilised  by  the  male 
gametes  of  a  species  B,  the  oospheres  of  the  species  B  are  equally 
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sasceptible  of  fertilisation  by  the  male  gametes  of  the  species  A, 
Bat  this  is  by  no  means  always  the  case.  Thus  MirabUis  Jalapa 
can  be  fertilised  by  the  pollen  of  M.  longifloi-a^  but  the  converse 
crossing  has  not  yet  been  effected ;  similarly  the  cross  Nymphtea 
ccerulea  ^  x  N.  capensis  $  has  taken  place,  but  not  the  cross  y, 
capensis  ^  x  N,  ccerulea  ^  ;  and  the  cross  Ftwtis  vesicfilosus  ^  x  F. 
serratus  (J,  but  not  F.  serratus  ?  x  jP.  vesiculostis  <J.  It  also 
happens  that  even  when  hybridisation  is  reciprocal,  the  one  union 
(^4  ?  X  B  (J)  is  more  fertile  than  the  other  (-B  ?  x  A  ^);  thus 
the  cross  Dianthus  barbatus  ?  x  D.  superbus  $  is  more  fertile 
than  the  cross  D.  sfiperbus  ?  x  D  barbatus  ^  ;  and  again  Digitalis 
lutea  ?    X  D.  ambigua  (J  than  D.  ambigua  ?    x  D.  lutea  $ . 

These  cases  of  non-reciprocal,  or  of  imperfectly  reciprocal  hybridisation,  seem 
to  be  at  variance  with  the  statement  that  fertile  hybridisation  is  dependent  npon 
sexnal  affinity ;  for  if  this  be  true,  why  is  it  that  the  cross  A  ^  x  B  S  ahoold 
sneceed,  but  not  the  cross  B  ^  x  A  ^  ^  the  sexual  affinity  being  necessarily  the 
same  in  both  cases  ?  The  failure  of  the  cross  in  these  eases  is  partially  due  to 
purely  mechanical  reasons ;  for  instance,  whilst  MirabtlU  Jalapa  is  fertilised 
by  the  pollen  of  M,  lonpi flora,  M,  longifiora  cannot  be  fertilised  by  the  pollen  of 
3/.  Jalapa,  probably  because  the  pollen- tubes  of  the  latter  are  unable  to  grow 
long  enough  to  reach  from  the  stigma  to  the  ovule  of  the  former  species.  All 
these  cases  require  further  investigation. 

Effecfs  of  tlie  Sexfial  Process,  The  sexaal  process  is  not  always 
limited  in  its  effect  to  the  production  of  a  spore  which  will  give  rise 
to  a  new  individaal.  For  instance,  when  the  female  cell  is  borne 
by  the  parent  at  the  time  of  fertilisation,  the  act  of  fertilisation  in- 
duces a  more  or  less  marked  growth  and  change  in  the  adjacent 
organs  and  tissues  of  the  parent,  leading  to  the  formation  of  a 
fruit  (see  pp.  88, 528).  Bat  farther  than  this,  it  has  been  occasion- 
ally observed  in  Phaneix)gams  that  the  constitution  of  the  mother- 
plant  is  somewhat  modiBed  in  consequence  of  pollination  by  an- 
other form.  For  instance,  in  the  Maize,  whilst  the  grains  in  the 
fruit-spike  of  the  mother-plant  usually  have  the  colouration  peculiar 
to  the  mother,  from  whatever  source  the  pollen  may  have  been 
derived,  it  sometimes  happens  that  when  a  plant  whose  grains  are 
normally  yellow  or  white  is  pollinated  from  another  variety  whose 
grains  are  brown  or  blue,  the  resulting  grains  are  brown  or  blue. 
It  is  well  known  that,  in  Orchids,  the  pollination  of  the  stigma 
acts  as  a  stimulus  to  the  development  of  the  ovary  and  ovules : 
and  in  some  cases  it  appears  that  even  fertile  seeds  may  be  pro- 
duced simply  by  the   influence  of  pollination,  the   mother-plant 
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being  etimnlated  to  prodace  seeds  without  any  sexual  process,  that 
is,  parthenogenetically  (pseu(hgamy). 

Somewhat  analogous  to  these  phenomena  are  those  presented  hy  the  so- 
called  graft 'hybrids  (see  p.  768),  iu  which  scion  and  stock  seem  to  mutually 
affect  each  otlier.  For  instance,  the  Bizzaria-Orsnge  is  a  tree  which  bears 
branches  and  fruits  characteristic  of  Citriu  Aurantium  and  C.  wedica,  and  of  an 
intermediate  form,  and  is  stated  to  be  a  graft  hybrid  of  these  two  species; 
similarly  Cytisiut  Adami  is  a  plant  possessing  characters  intermediate  between 
those  of  CytUwi  Labunium  and  C.  purpureiis,  and  is  stated  to  be  a  graft-hybrid 
of  G,  purpureu*  on  C.  Laburnum ;  but  since  the  evidence  that  these  plants 
reaUy  are  graft-hybrids  is  inconclusive,  it  is  unnecessary  to  consider  them 
further. 

§  22.  Heredity  and  Variation.  The  term  herfdlfy  is  used 
to  express  the  fact  that  an  organism  inherits  in  some  degree  the 
characters  of  its  parent  or  parents.  The  degree  of  heredity — that 
is  the  degree  of  resemblance  between  offspritigand  parents — varies 
widely,  inasmuch  as  not  all  the  characteristics  of  the  parent  are 
hereditary  in  all  modes  of  reproduction.  The  highest  degree  of 
resemblance  is  attained  by  means  of  vegetative  propagation  :  by 
this  means  the  peculiar  features  of  the  individual  may  be  exactly 
reproduced  in  the  offspring,  and  consequently  it  is  extensively 
made  use  of  in  horticulture  (e.g.  propagation  by  cuttings  and 
bulbs  ;  budding  of  Roses  ;  grafting  of  fruit-trees,  and  of  ornamental 
trees  and  shrubs  with  variegated  or  otherwise  abnormal  foliage, 
etc.)  to  perpetuate  some  specially  valuable  peculiarity  of  a  plant, 
and  to  multiply  the  number  of  individuals  possessing  it.  Such  a 
high  degree  of  resemblance  between  parents  and  offspring  cannot  be 
attained  by  means  of  sexual  reproduction,  for  many  of  the  peculiar 
charactenstics  of  the  parents  are  not  transmitted  by  this  means. 
The  plants  resulting  from  a  sexual  process  between  two  individuals 
of  the  same  variety  or  species  present,  not  so  much  the  character- 
istics of  the  parents,  as  the  characters  of  the  variety  or  species. 

The  phenomena  of  heredity  in  connexion  with  sexual  reproduc- 
tion are  especially  striking  in  the  case  of  hybnds,  though  the 
i*esult  of  the  crossing  of  species  or  varieties,  as  shown  by  the 
characters  of  the  progeny,  is  by  no  means  always  the  same. 
Whilst  it  is  true,  as  a  rule,  that  hybrids  are  intermediate  in 
character  between  the  species  or  varieties  to  which  their  parents 
respectively  belong,  this  is  by  no  means  always  the  case ;  for  some 
hybrids  resemble  the  one  parent  more  than  the  other,  either  in 
external  form  and  colour,  or  in  properties  such  as  resistance  to 
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cold,  time  of  flowering  and  fruiting,  eto. :  in  fact,  when,  for 
instance,  a  number  of  seeds  are  produced  by  hybridisation,  none  of 
the  i-esnlting  seedlings  may  be  intermediate  in  character  between 
the  two  parents,  but  some  may  quite  resemble  the  one  parent,  and 
the  I'emainder  the  other.  When  the  hybrids  are  intermediate  in 
character,  the  blending  of  the  parental  features  may  manifest 
itself  in  different  degrees  ;  it  may  be  slight,  as  for  instance  when 
a  hybrid  of  parents  with  differently  coloured  flowera,  bears  flowers 
of  the  two  distinct  colours  :  or  more  intimate,  as  when  in  such  a 
case  the  hybrid  bears  flowers  with  blotches  or  stripes  of  the  two 
colours  ;  or  complete,  as  when  in  the  same  case  the  flowers  of  the 
hybrid  are  of  a  tint  intermediate  between  the  colours  of  the 
parental  flowers.  The  same  peculiarities  are  presented,  of  course, 
by  other  structures ;  for  instance,  as  regards  the  colour,  size, 
flavour  of  fruits,  the  size  and  shape  of  leaves,  etc. 

One  of  the  most  remarkable  aspects  of  heredity  in  plants  is  its 
relation  to  the  alternation  of  generations.  When  the  life-history 
of  a  plant  presents  a  regular  alternation  of  sporophyte  and  gameto- 
phyte,  it  is  the  alternat'C,  and  not  the  successive,  generations 
which  resemble  each  other;  sporophyte  resembling  sporophyte, 
gametophyte  resembling  gametophyte.  The  hereditary  character- 
istics of  the  sporophyte,  for  instance,  are  not  presented  by  the 
gametophyte,  which,  though  it  springs  from  it,  is  commonly  an 
altogether  dissimilar  organism,  but  are  transmitted  through  the 
gametophyte  to  the  succeeding  gamogenic  sporophyte.  This  is 
not  only  obviously  the  case  in  plants,  such  as  Kerns,  in  which  the 
alternate  generations  are  distinct  organisms ;  but  it  is  equally 
true  of  the  plants,  such  as  Bryophytes  and  Phanerogams,  in  which 
the  alternate  generations  remain  more  or  less  intimately  conneeted. 

Variation  is  the  term  used  to  express  the  fact  that  an  organism 
may  differ  more  or  less  widely  from  its  parent  or  parents,  present- 
ing often  some  altogether  new  characters. 

It  is  in  connexion  with  sexual  reproduction  that  vaiiaiion  is 
most  frequently  manifested.  It  may,  in  fact,  be  generally  stated 
that  variation  is  more  frequent  and  more  marked,  the  more  re- 
mote (within  the  limits  of  sexual  affinity)  the  relationship  between 
the  two  parents :  thus  variation  is  most  common  in  the  offspring 
of  individuals  of  different  species ;  frequent  in  the  offspring  of 
two  individuals  of  different  varieties  of  the  same  species;  least 
common  in  the  offspring  of  two  individuals  of  the  same  species  or 
variety. 
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It  would  seem  natural  to  carry  this  rule  further,  applying  it  to 
the  oase  of  asexual  reproduction  so  as  to  lead  np  to  the  conclusion 
that  variation  does  not  occur  at  all  in  plants  produced  asexually  ; 
that  variation  is,  in  fact,  necessarily  associated  with  the  sexual 
process ;  a  conclusion  which  has  met  with  a  certain  measure  of 
acceptance.  But  it  is  a  question  whether  this  conclusion  can  be' 
fairly  drawn  when  all  the  facts  of  reproduction  in  plants  are  duly 
taken  into  account.  Considering,  first,  the  fact  of  asexual  repro- 
duction by  means  of  gonidia,  which  is  so  common  among  the 
Thallophytes,  and  which  in  some  Fangi  (e.g.  Basidiomycetes  and 
many  others),  is  the  only  known  mode  of  reproduction,  it  is  in- 
conceivable, in  the  face  of  the  vast  number  of  families,  genera,  and 
species  of  the  plants  under  consideration,  that  variation  has  not 
taken  place  among  them,  although  they  present  no  indications  of 
sexuality.  Then  there  are  the  facts  of  bud-variation  to  be  con- 
sidered. Bud- variation  is  the  term  used  to  express  the  fact  that 
shoots,  whether  reproductive  or  vegetative,  are  sometimes  de- 
veloped, which  differ  in  some  striking  manner  from  the  other 
normal  shoots  of  the  plant ;  these  varying  shoots  are  known  as 
*'  sports  *' :  for  instance,  many  varieties  of  Rose  are  known  to  have 
arisen  in  this  way.  such  as  the  Moss-rose  from  the  Provence  rose 
(Rosa  centifolia).  The  varieties  arising  in  this  way  can,  as  a  rule, 
only  be  propagated  vegetatively,  by  cuttings,  grafts,  etc.,  but  oc- 
casionally they  come  true  from  seed.  Here  again  vanation  seems 
to  occur  independently  of  sexual  reproduction. 

With  regard  to  the  causes  of  variation,  it  would  appear  that  the 
capacity  for  variation,  or  variability,  is  increased  (a)  by  sexual 
reproduction,  and  (5)  by  external  conditions,  more  particularly 
high  nutrition,  as  is  shown  by  the  fact  that  bud- variation,  for 
instance,  is  rare  in  wild  plants  but  comparatively  common  in 
cultivated  plants.  The  character  of  the  variation  has  also  to  be 
considered.  There  is  no  doubt  that  variation  is  often  the  mani- 
festation, not  of  a  new  character,  but  of  an  old  ancestral  character 
which  had  become  dormant :  this  is  especially  true  of  the  varia- 
tions of  sexually-produced  plants,  but  it  is  also  true  in  many  cases 
of  bud- variation  :  this  kind  of  variation  is  termed  reversion.  But 
there  seem  to  be  many  cases  of  variation,  and  more  particularly 
of  bud- variation,  which  cannot  be  attributed  to  reversion,  and  in 
which  the  direction  of  variation  does  not  appear  to  be  traceable  to 
any  determining  external  causes :  such  variations  seem  to  be 
altogether  fortuitous. 
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The  Origin  of  Species.  From  the  foregoing  statements  relating 
to  heredity  and  variation,  it  is  possible  to  draw  conclusions  not 
only  as  to  the  maintenance  of  existing  species,  bnt  also  as  to  the 
evolution  of  new  species. 

It  is  clear  that  new  forms  may  arise  in  either  of  two  ways : — 
either,  first,  as  the  result  of  the  crossing  of  distinct  varieties  or 
species ;  many  recognized  species  and  varieties  are  probably  of 
hybrid  origin  :  or,  second,  as  the  result  of  variation.  The  forms 
thus  produced  will  exist,  for  a  time  at  any  rate,  provided  that 
they  are  capable  of  reproducing  themselves,  either  vegetatively 
(e.g,  by  tubers,  bulbs,  etc.),  or  sexually  (by  seeds,  etc.)  But  their 
persistence  for  any  long  period  depends  upon  their  success  in  the 
struggle  for  existence.  They  have  to  compete  for  their  life  with 
their  parents  and  with  any  other  closely  similar  new  forms  which 
may  have  also  been  developed :  if  they  are  successful,  they  will 
persist,  and  their  competitors  will,  some  or  all  of  them,  die  out. 
The  degree  of  their  success  depends  essentially  upon  the  degree 
of  their  adaptation  to  the  circumstances  amidst  which  they  have 
to  live.  If  they  excel  any  of  their  competitors  in  the  combination 
of  qualities  (such  as  hardiness,  time  of  flowering  or  fruiting,  fer- 
tility, etc.)  which  adapt  them  to  the  prevailing  conditions  of  life, 
they  will  persist  and  the  others  will  disappear.  This  condition 
of  struggle  constitutes  Natural  Selection,  for  the  survivors  of  the 
struggle  are,  as  it  were,  selected  by  the  fact  of  their  survival. 

At  first  all  new  forms,  however  pi-oduced,  appear  as  what  may 
be  termed  varieties  of  their  parent  species  :  but,  if  they  possess 
the  requisite  reproductive  capacity,  and  if  they  are  successful  in 
the  struggle  for  existence,  they  eventually  become  isolated  by  the 
disappearance  of  many  of  the  allied  forms,  including  perhaps  the 
parent  forms,  and  remain  as  distinct  species.  Thus  in  some  genera 
of  flowering  plants,  the  recognised  species  are  few  and  distinct; 
whilst  in  many  genera  (e.g.  Rubns,  Hieracium)  the  greatest  diffi- 
culty is  experienced  in  distinguishing  the  species  and  varieties, 
because  the  process  of  isolation  by  natural  selection  has  not  yet 
been  sufficiently  operative. 

§  23.  The  Theory  of  Reproduction.  The  theory  of  re- 
production is  extremely  simple  in  connexion  with  the  more 
primitive  modes  of  vegetative  propagation.  When,  for  instance, 
a  unicellular  organism  divides  into  two,  it  is  easy  to  understand 
that  the  two  new  organisms  will  resemble  each  other  and  the 
parent  from  which  they  have  sprung,  because  the  parental  cell 
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divided  into  two  exactly  similar  parts.  Again,  wheu  a  plant  is 
propagated  bj  a  balb  or  a  catting,  it  is  still  easj  to  understand 
that  the  resulting  plant  will  resemble,  as  it  usually  does  in  detail, 
the  plant  which  produced  the  bulb  or  from  which  the  cutting  was 
taken.  Bat  when  a  plant,  a  Mushroom  for  example,  is  developed 
from  a  single  minute  reproductive  cell,  representing  but  an  in- 
finitesimal proportion  of  the  protoplasm  of  the  parent  plant,  it  is 
not  easy  to  understand  how  the  parental  characters  can  be  trans- 
mitted to  the  offspring  by  such  apparently  inadequate  means. 
The  bulk  of  the  structure  by  which  reproduction  is  effected,  would 
seem  to  be  an  expression  of  the  fact  that  the  bulkier  reproductive 
strnctui*e  (bulb,  tuber,  etc.)  is  but  a  vegetative  structure  imper- 
fectly differentiated  for  the  purpose  of  reproduction,  but  which, 
at  the  same  time,  ensures  a  close  individual  resemblance  between 
parent  and  offspring:  whilst  a  single  minute  reproductive  cell, 
on  the  other  hand,  such  as  the  gonidium  of  a  Mushroom,  though  a 
less  efficient  instrument  of  heredity,  is  much  moi*e  highly  specialised 
for  the  work  of  reproduction. 

If  it  be  asked  in  what  does  this  specialisation  consist,  no  satis- 
factory reply  can  be  given  at  present ;  as  already  pointed  out  (see 
p.  766)  there  is  no  method  by  which  reproductive  capacity  can  be 
analysed  or  determined.  It  is,  however,  generally  agreed  that 
the  transmission  of  hereditary  characters  is  intimately  associated 
with  the  nucleus  of  the  reproductive  cell,  and  especially  with  the 
fibrillar  network  (see  p.  96)  of  the  nucleus.  But  the  fact  that 
this  is  so  still  remains  unexplained,  as  also  the  fact  that  repro- 
ductive cells  differ  so  widely  in  their  properties  from  vegetative 
cells,  although  many  attempts  at  an  explanation  have  been  made, 
such  as  tbe  theory  of  Pangenesis  and  that  of  Germ-plasm. 

Whilst  the  ultimate  facts  of  reproduction  thus  i*emain  unex- 
plained, the  proximate  facts  of  sexual  reproduction  can  be  ren- 
dered intelligible.  It  has  been  already  pointed  out  (p.  770)  that  a 
gamete  is  incapable  by  itself  of  giving  rise  to  a  new  individual ; 
but  that  by  the  fusion  of  two  gametes  of  opposite  sexes  a  spore  is 
formed,  possessing  twice  as  many  chromosomes  in  its  nucleus  as 
did  the  gametes,  from  which  a  new  individual  may  be  developed. 
The  nuclei  of  the  new  individual  (in  view  of  the  strict  equality  in 
the  process  of  mitotic  division,  p.  118)  must  all  contain  chromosomes 
derived  from  both  the  gametes  which  had  fused  in  the  sexual 
process ;  and  if,  as  seems  probable,  the  transmission  of  hereditary 
characters  is  associated  with  the  nuclear  chromosomes,  the  char- 
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acters  of  the  individual  will  be  those  transmitted  to  it  by  the 
chromosomes  of  the  gametes.  Conaequentlj,  if  the  gametes  were 
derived  from  two  distinct  individaals,  the  characters  of  the  new 
individual  will  be  those  of  its  two  pai^ents.  In  this  way  the  more 
obvious  phenomena  of  heredity  can  be  traced  to  a  material  basis, 
and  are  thereby  rendered  more  comprehensible. 

But  what  is  true  of  the  new  individual,  applies  likewise  to  iis 
parents :  the  characters  which  each  parent  transmits  to  the  off- 
spring are  those  which  it  has  itself  received  from  its  two  parents, 
and  so  on  :  hence  the  characters  inherited  by  any  individual  are  to 
be  regarded  as  belonging  rather  to  the  race  than  to  its  immediate 
progenitors.  This  conception  also  can  be  traced  to  a  material 
basis.  It  has  been  suggested  that  the  discoid  segments  (con- 
sisting of  linin  and  chromatin,  p.  96)  of  which  the  nuclear  chro- 
Tnosomes  consist,  each  represent,  in  a  gamete,  substance  derived 
from  a  number  of  ancestor,  the  whole  chromosome  representiog 
many  ancestors,  and  the  chromosomes  together  all  the  ancestors 
whose  substance  still  persists  in  the  gamete  and  will  be  trans- 
mitted by  the  gametes  to  the  next  generation.  The  term  id  is 
used  to  designate  one  of  those  material  units  which  seem  to  con- 
stitute the  physical  basis  of  heredity. 

Applying  these  considerations  to  the  elucidation  of  the  repro- 
ductive process  in  a  plant,  such  as  a  Fern,  whose  life-history  pre- 
sents antithetic  alternation  of  generations,  it  would  appear  that 
the  sudden  reduction  by  half  of  the  number  of  the  nuclear  chromo- 
somes which  attends  the  initiation  of  the  gametophyte  (see  p.  771) 
is  to  be  attributed  to  the  fusion  of  the  ids  in  pairs :  and  farther, 
that  it  is  not  until  this  stage  that  a  real  fusion  of  the  nuclear 
substance  of  the  gametes  actually  takes  place. 

The  phenomena  of  heredity  as  manifested  in  the  products  of 
sexual  reproduction  may  be  accounted  for  in  connexion  with  this 
fusion  of  the  parental  ids.  When,  for  instance,  in  hybridisation,  all 
the  parental  ids  exert  their  full  influence,  the  offspring  is  precisely 
intermediate  in  character :  but  when,  from  some  cause  which 
cannot  now  be  explained,  some  of  the  ids  are  paralysed  or  neu- 
tralized, the  offspring  resembles  one  parent  more  than  the  other. 
The  character  of  the  hybrid  too,  whether  blended  or  blotched,  may 
be  referi'ed  to  some  such  cause. 

Turning  now  to  the  phenomena  of  variation:  this  may  be  ac- 
counted for,  when  it  depends  on  reversion,  on  the  assumption  that 
some  of  the  ancestral  ids  which  have  remained  neutralized  and 
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iueffective  for  generations,  are,  as  it  were,  set  free  in  consequence 
of  some  fresh,  crossing  or  of  some  important  change  in  the  con- 
ditions of  life,  so  that  the  latent  ancestral  characters  now  reveal 
themselves.  It  is  scarcely  possible  to  offer  any  satisfactory  ex- 
planation of  variation  due  to  other  causes,  but  there  is  one  point 
which,  in  conclusion,  demands  special  consideration;  that  is, 
whether  or  not  variations  which  are  the  result  of  the  influence 
of  the  external  conditions,  can  be  transmitted  to  the  offspring. 
There  is  no  doubt  that  they  can  be  transmitted  by  means  of 
vegetative  propagation.  But  the  real  question  is  as  to  whether 
or  not  they  can  be  transmitted  through  the  sexual  process;  as 
to  whether  or  not  the  ids  in  the  gamete  of  an  individual  can 
transmit  not  only  the  ancestral  characters,  but  also  characters 
which  presented  themselves  apparently  for  the  first  time  in  the 
individual  itself.  The  weight  of  opinion  is  at  present  in  favour  of 
the  view  that  such  acquired  charactei*s  cannot  be  so  transmitted ; 
but  in  the  face  of  the  fact  that  some  variations  apparently  of  this 
nature  (e.g.  doubling  of  flowers,  variegation  of  leaves)  are  often 
transmitted  in  this  way,  it  cannot  be  conceded  that  this  view  is 
conclusively  established. 
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Ibele,  586. 

'^bies,  465,  468  (Fig.  296), 

483  (Fig.  305).  484. 
Abietines,  4G3,  483. 
Abolboda,  556. 
Abronla,  588. 
Abnta,  595. 

Aoacia,  636.638  (Fig.  437). 
Acanthaoeas.  575,  646. 
Acanthus,  646. 
Acaulon,  368. 
Acer,  616  (Fig.  418). 
Aceraceas.  574,  616. 
Aeeras.  566. 
Acetabolaria,     239     (Fig. 

170). 
Achillea,  664  (Fig  466). 
Achimenes,  646. 
Achlya,    293    (Fig.   204), 

294. 
AcoDitam,   496,  512,   f>2l 

(Pig.  335),   592  (Fig. 

397). 
Acorns,  536, 539  (Fig.  348). 
AcrocarpsB  (Musci),  370. 
AcrogynaB  (Hepatioa),  347, 

352. 
Acrosticbeffi,  390,  405. 
Aorostichum,  405. 
Aofceea,  593. 
Actinostrobinffi,  486. 
Actinostrobus,  486. 
Adder' 8- tongue  Fern,  3S2. 
Adhatoda,  646. 
Adiantum,  390,  397  (Fig. 

263).  4(30  (F.g.  266), 

405. 
Adlumia,  601. 
Adonis,  592. 
Adoxa,  519,  659. 
iEoidiomycetes,  275,  280, 

303. 
JEcidium,  3D8. 
iEgopodium,  625. 
uEsonlus,   509,  616   (Fig. 

417). 


iEthalium,2d4. 
^thusa,  62  >. 
Agapanthus.  510,  558. 
AgaricinaB,  312.  316. 
Agaricus,    275,  311  (Pig. 

219),  317  (Fig.  222). 
Agathis,  47k),  483. 
Agathosma,  614. 
Agave.  56ti. 
Agavoides,  668. 
Ag'aozonia,  26 L. 
Ay[opyram,  660. 
Agrimonia,  633. 
Agrostideas,  548. 
Agrostis,  548. 
Aigeiros,  586. 
Ailanthns,  615. 
Aira,  549. 

Aizoaces,  573,  600. 
Ajax,  568. 
Ajnga,  643. 
AjugoideaB,  613. 
Akebia,  595. 
Alaria,  257. 
Alchemilta,  633. 
Alder,  580. 
Aldrovanda,  608. 
Aletrifl,  559. 
AletroidesB,  559. 
Algffl,  217,  221. 
Alicularia,  347,  352. 
Alisma.  444  (Fig.  28  7),  502, 

564  (Fig.  360). 
Alismaceaa,  502.  588,  554. 
Alismales,  533,  538,  558. 
Alkanet.  650 
AUamanda.  651. 
All-good,  687. 
AUioideas.  558. 
Allium,  493,  496,  517,558. 
AUosorus,  405. 
All-seed.  600. 
Allspice,  591. 
Almond-tree,  633. 
Alnus.  528.  580  (Fig.  383), 

581  (Pig.  384). 
785 


Alocasia,  541. 
Aloe,  558. 
Aloidella.  359. 
Aloina,  359. 
Alopecuras,  546,  548. 
Alpine  Rose,  655. 
Alpinia,  562  (Fig.  367}. 
AlsineflB,  599. 
Alsophila,  391.  405. 
Alstroemeria,  492, 510, 56^. 
Althaea,  502, 611  (Fig.  413). 
Althenia,  553. 
AlyssineaB,  605. 
Alyssum.  605. 
Amanita,  312,  317   (Fig. 

222). 
Amarantaces9,    494,    513, 

573,  587. 
Amarantus,  514,  587. 
AmarylUdaceaB,  493,  533, 

567. 
Amaryllidoideaa,  567. 
Amaryllis,  510,  567. 
Amelanchier.  635. 
Amentales.  52S,  573,  579, 

680  (Fig.  332). 
American  Aloe,  563. 
Ammi,  625. 
Ammineaa,  625. 
Amomales,  538,  561. 
Amorplia,  636. 
Amorphopballus,  533, 540. 
AmpelidacesB,    493,    501, 

574,  619. 
Ampelopsis,  619. 
Amphil>oliB,  653. 
Amsonia,  651. 
Amygdalu**,  632. 
Amylura  Marant89,  563. 
Anabsna,  232  (Fig.  165), 

412. 
Anacamptodon,  371. 
Anacardiaceas,    526,    574, 

617. 
Anacardium,  509. 
Anacharis,  560. 
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AnacrogynaB,  347,  851. 
Auadyomene.  242. 
Anagallis,  581,  653. 
Anamirta,  595. 
Ananas,  561. 
Anapt^chia,      820      (Fig. 

226). 
Auchustt,  660  (Fig.  450). 
ADcylifltacesB.  287,  290. 
Ancylistes,  291. 
Andraohne,  621. 
AndresBa,    332,    354,   865 

(Fig.  249). 
AndreaBaceffi,     328,     880, 

863.  335. 
Androcryphia,    343,    347, 

351. 
Andromeda,  635. 
Andropogon,  548. 
Andropogonese,  549. 
Aneimia,  388,  406. 
Anelateres,  351. 
Anenjoue,   494,   513,   592 

(Fig.  397). 
Anemones,  591. 
Aneura,  843.  851. 
Angelica,  626. 
AngelicesB.  625. 
Angiopteris,  375,  383. 
Angio^permsB.    217,    462, 

48J. 
Angrscum,  567- 
AugustiBeptas,  605. 
AnuHtto,  606. 
Anomospermum,  595. 
Antennaria,  664. 
Aiitbemideae.  664. 

Antliemis,  664. 

Anthericum.  558. 

Anthoceros,  330  (Fig.  238), 
852  (Fig.  246). 

Antbocerotaces,  329,  831, 
885  (Fig.  239),  336, 
852. 

Anthostema,  622. 

Anthoxanthom,  548. 

Anthriscus,  626. 

Anthurium,  540. 

Anthyllis,  635. 

Antiaris,  578. 

Autirrbinum,  644 

AutirrboideeB.  641. 

Anychia  513  (Fig.  828). 

A  per  a,  548. 

Aphanumyces,  294. 

Apiocystis.  236. 

Apium,  625,  626. 

Aplaues,  293.  294. 

ApocynaceaB,  526, 527,575, 
6ol. 

Apodya,  294. 


Apogon,  669. 
Aponogeton,  554. 
Aponogetones.  554. 
Apple-tree,  634. 
Apricot,  683. 
AqnifoliacesB,  574,  619. 
Aquilegia,  502,  593  (Fig. 

89^). 
Arabides,  604. 
AraoesB,  512, 518,  588, 539. 
Araobis,  637. 
Arales,  538,  539. 
AraliacesB,  574,  62B. 
Araacaria,  465,  482. 
Araucarineffi,  467,  483. 
Arbor  VitaS,  486. 
ArbutoideaB,  655. 
Arbutus,  655. 
Arceutbos,  486. 
Arcbangelica,  626. 
Arcbegoniata,  218. 
Arcbidiaceae,  863,  366. 
Arcbidium,  330,  361,867. 
Arctium,  664. 
ArctoRtapbylos,  655. 
Arcyria,    284    (Fig.   198), 

285. 
Ardisia,  654. 
Areca,  544  (Fig.  352). 
Arenaria,  599. 
Aria,  635. 

Arisarum,  '539,  541. 
AriBtea.  569. 
AristinoB.  569. 
Aristoloobia,     ^56     (Fig. 

293),  514,  618,  588. 
AristnlochiaceaB,  620,  673, 

688. 
Armfria,  664. 
Armillaria.  312. 
Arnica,  662  (Fig.  464),  668. 
Arnoserin,  665. 
AroidesB.  641. 
Arrbenatbernm,  649. 
Arrow-grass,  664. 
Arrow-head,  655. 
Arrow-root,  562,  563. 
Artemisia,  663  (Fig.  466). 

664. 
Artbrocladia,  267, 259. 
Articboke,  664. 
Artocarpns,  677. 
Arum,  615,  639  (Fig.  349). 
Arnndinaria,  650. 
Asarabacca,  688. 
Asarales,  573.  688. 
Asarum,  688  (Fig.  394). 
AsclepiadaceaB,  617,   575, 

651. 
Asolepias,  601,    661  (Fig. 

452). 


Ascobolns,  276.  ^03. 
Af>oolicbenes,  320. 
Ascomycetes,    274,     280, 

294. 
Ascophyllum,  266. 
Asb,  662. 

Axparagoideee.  568. 
Asparagus.  668. 
Aftpen,  686. 

Asperococcns.  267,  259. 
Asperula,  668. 
AsphodeloidesB,  668. 
Aspbodelus,  658. 
AspidieaB,  405. 
Aspidistra,  559. 
Aspidium,  390,  891  (Fig. 

268),  406. 
Asplenieffi,  405. 
Asplenium,  889  (Fig.  257), 

390.  405. 
Aster,  663. 
Asterales,  676,  660. 
Asterocephalas,  661. 
Asteroideaa.  663,  661. 
Astilbe,  639. 
Astomnm,  86<^. 
Astragalus,  622,  636. 
Astrantia,  625. 
AstroporaB,  842. 
Atbrotaxis,  486. 
Athyrium,  405. 
Atra^ene,  691. 
Atriobum,  362,  370. 
Atriplex,  687. 
Atropa.  648  (Fig.  449). 
Ancnba.  626. 
Aulacoinninro,  357,  370. 
Anrantieas.  614. 
Auricularia,  315. 
AnricularieaB,  8l2,  316. 
Anteupuccinia,  307. 
Auteu-urorayce«,  307. 
Autubaiaidiomycetes,    312. 

316. 
Autumn  Crocus.  668. 
Avena,  648  (Fig.  356),  549. 
AvenesB,  648. 
Aven-*,  634. 
Averrhoa,  613. 
Awl-wort,  606. 
Ayfconia,  842. 
Azalea,  665. 
Azolla,  406,410,  415. 

Bacillus,  281   (Fig.   197). 

282. 
Bncteriaoeaa,  282. 
Bacterium,  281  (Fig.  196). 

282. 
Badbamia,  286. 
BfidomycesB,  822. 
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Balanopliora,  590. 
BalanophoraceaB,  619, 573, 

690. 
Ballota,  613. 
Balm,  613. 

Balsamiuaceaa,  574,  613. 
Bamboo,  560. 
B.imboo  Palm, '5 13. 
Bambiisa,  515  (Fig.  353), 

560. 
BambuseaB.  550. 
Banana,  562. 
Baneberry,  693. 
Bangia,  268,  272. 
BangiHceeB,  267,  272. 
Banvau,  678.     ' 
Baptisia,  636. 
Barbarea,  604. 
Barberry,  305.  595. 
Barbula,  859,  370. 
Barley,  550. 
Barosma,  614. 
Bartsia,  615. 
Basidiolichenes,  320. 
Basidioraycetes,  274,  280, 

310. 
Bastard  Toad-flax,  589. 
Batatas,  617. 
Batrachospermum,    268, 

272. 
Baitarea,  319. 
Baubinia.  637. 
Bean,  637. 
Bearberry,  655. 
Bed-atraw,  658. 
Beech.  5S3. 
Bee  Orchis,  566. 
Beetroot,  587. 
Beggiatoa,  282. 
Begonia,  627. 
BegoniaocoB,  574,  627. 
Belladonna  Lily,  567. 
Kellifl,  f;63. 
Bent  Grass,  518. 
Berbfridaofaa,    502,    520, 

573,  595. 
Berberis,  498   (Fig.  311), 

595. 
Bergenia,  639  (Fig.  439). 
Bei-mudiana,  5d9. 
BertUolletia,631. 
Beta,  587. 
Betel-Palm,  544. 
Betony,  643. 
Betula,  5J8.  581. 
BetulaceflB,  513,  673,  680. 
Bidens,  664. 
Bignoniaoeaa,  575,  646. 
Bilberry,  656. 
IMndweed,  647. 
Binuclearia,  247. 


Biophytam,  613. 
Hiota.  466,  485  (Fig.  306). 
Birch,  581. 
Bird-Cherry,  633. 
Bird'sfoot  Trefoil,  636. 
Bird's  nest,  »-'5rt. 
Bird's-nest  Onhid,  567. 
Birthwort,  688. 
Bistort,  698. 
Bitter  or  Seville  Orange, 

615. 
Bittersweet,  649. 
Bixa,  606. 
BixacesB,  673,  606. 
Blackberry,  634. 
Black  Bryony,  660. 
Black  Pine,  485. 
Black  Poplar,  586. 
Black  Thorn,  633. 
Bladder  Fern.  405. 
Bladder  Senna,  630. 
Blaeberry,  656. 
Bla^ia,  343,  347,  361. 
Blechnam,  390,  405. 
Bletia,  564. 
Bliuks,  600. 
Blue  bell,  556. 
Blue-bottle.  664. 
Blue-eyed  Grass,  569. 
Blyttia,  34S,  351. 
Bog-Anphodel,  558. 
Bog- bean,  661. 
Bog-Myrtle,  584. 
Bog-Orchis,  567. 
Bog-Rush.  551. 
Bdhmeria,  577. 
Boletus,  312,316. 
Bonapartea,  568. 
Bounemaisonia,  272. 
BonnemaisoniaceeB,  272. 
Borage,  650. 
BoraginaceaB,     490,     508, 

575,  619. 
Boragiuoideaa,  650. 
Borago,  650. 
BorassiusB,  543. 
Borassns,  543. 
Borecole,  604. 
Borneo  Camphor,  609. 
Boschia,  3H6. 
Boswellia,  615. 
Botrychium,     374,     381, 

382  (Fig.  255). 
Botrydieae,  240. 
Botrydium,  239  (Fig.  171). 
Botryococcns,  236 
Bougainvillea,  588. 
Bouvardia,  659. 
Bovista,  318. 
Bowenia,  481. 
Bowiea,  558. 


Box,  633. 

Brachypodium,  549. 
Brachythecium,  371. 
Bracken,  406. 
Brasenia,  591. 
Brassica,  603  (Fig.  407). 
Brassioes,  604. 
Brazil  Nut,  631. 
Bread-fruit,  578. 
Bremia.  292. 
Bridelia  621. 
Briza,  519. 
Broccoli,  601. 
BrodisBa.  558. 
Brome-Grass,  519. 
BromeliacesB,  538,  561. 
Bromus.  549. 
Brook  weed,  654. 
Broom,  636. 
Broomrape.  646. 
Broussonetia,  678. 
Browallia,  649. 
Bruchia,  368. 
BruchiacesB,  368. 
Brugmansia,  589. 
Bruguiera,  632. 
Brussels-f^prouts,  604. 
BryttoesB.  370. 
Bryineffi,    330,   365,  363, 

3H7. 
Bryonia,  616,  628. 
Bryophyta.  217,  324. 
Br.^opsis;210. 
Bryum,  369,  370. 
Buck-bean,  661. 
Buckthorn,  618. 
Buckwheat,  61)8. 
Bulbochffite,  219. 
Bulgaria,  303. 
BulgariesB.  303. 
BuUace,  633. 
Bulrush,  642,  551. 
Bupleurum,  626. 
Burdock.  664. 
Bur-reed,  642. 
BorseracefiB,  674,  615. 
Butcher^s  Broom,  658. 
BntomaoesB,  502,  538,  656. 
Butomopsis,  6o5. 
Butomus,   5(»2.   526  (Fig. 

838),  554  (Fig.   860), 

565  (Fig.  361). 
Butter-bur,  664. 
Buttercup,  692. 
Butteiffly  Orchis,  566. 
Biitterwort.  647. 
BuxaccBB.  674,  622. 
Buxbaumia,  370. 
Buxbaumiacee,  370. 
Buxus.  5)6,  623. 
Byblis,  608. 


Digitized  by 


Google 


788 


INDEX,   PART   I. 


Cabbage,  604. 
Ciiboiuba,  594. 
Cabombeffi,  591. 
Cactaceffi,  574,  628. 
Cffioma  308. 
GaBsalpinia,  637. 
Gsbsalpiaies,  637. 
Cakile,  605. 
CakiliDeae,  605. 
Calabar  Bean,  637. 
Galadium,  541. 
Calauiagrostis,  548. 
Calamintba,  642. 
Calamus,  544. 
CaUutbe,  561. 
Calceolaria,  t4>. 
Culeiiduleffi,  66i. 
Calendula,  664. 
Calicieie,  322. 
Calla,  540. 
Callifitemou,  631. 
Callifetephas,  663. 
CalliihamnioD,  267,  272. 
CallitricUacefe,  574,  623. 
Cullitriche.  623. 
CallitriB,  486. 
Calloideae,  540. 
Callnua,  655. 
Calobryum,  851. 
Calooera,  313,  315. 
CalochortuB,  556. 
Calospheeria.  302. 
Calof'toma,  318. 
Calotbamnus,    631    (Fig. 

431). 
Caltha.  502,  593. 
Calycanthacece,  520,  573, 

594. 
Calycauthus,  496,  504. 
Calyciflor»,  574,  623. 
Calypogeia,  345.  352. 
Calystegia,  647. 
CamaRsia,  556. 
Camelina,  605. 
Camelinero.  €05. 
Camellia,  494,  609. 
Campanales,  575,  656. 
Campanula, 498 (Fig.  312). 

657  (Figs.  456,  457i. 
CampanulacesB,  498,  508, 

575,  666.  , 
Campion,  599. 
Campy lospermes  625,626. 
Canada-balsam,  484. 
Candytuft,  605 
Canua,  506,  519,  563  (Fig. 

368). 
Cannabiuacraa,   496,   515, 

673,  578. 
Cannabis,  578. 
Cunnaces,  562. 


Canterbury-bell,  657. 
L  antbarellus,  317. 
Caoutchouc,  578,  622. 
Caper,  605. 
Capparidaceaa,    526,  573, 

606. 
Capparis,  605  (Fig.  408). 
Caprifoliacees,    610,    575, 

659  (Fig.  460). 
Capsella,  443   (Fig.  286), 

606. 
Capsicum,  649. 
Caragaua.  636. 
Carallia,  632. 
CarApa,  616. 
Caraway,  626. 
Cardamine,  604. 
Cardamom,  562. 
Carduus,  664. 
Carex.  615,  651  (Fig.  358). 
Carica,  627. 
CariooidesB.  651. 
Carlina,  664. 
Carline  Tbistle,  664. 
Carludovioa,  642. 
Carnation,  699. 
Carob-tree,  637. 
Carpinus,    528,   682,  683 

(Fig.  387). 
Carpomitra,  257. 
Carrot,  626. 
Carthamus,  664. 
Carum,629(Fig.341),  626 

(Figs.  426,  427j. 
Carya,  684. 
Caryocedrus,  4^6. 
CaryophyllaceiB,  494,  673, 

699. 
Caryophyilales,  673,  698. 
Cassava,  622. 
Casbia,  637  (Fig.  436). 
Cassytha,  696. 
Castagnea.  267. 
Castanea,  583. 
Castor-oil  Plant,  622. 
Casoariua,  489,  5'i8,  685. 
Casuarinacese,  673,  685. 
Catalpa,  646. 
Catchfly,  £99. 
Catenella,  272. 
Catmint,  643. 
Cats  Ear,  666. 
Cat's-tail  Grass,  648. 
CaucalinesB,  626. 
Caucalis,  626. 
Caulacanthus,  272. 
Caulerpa,   225  (Fig.  162), 

240. 
CauIerpesB,  240. 
Cauliflower,  604. 
Cedar,  484. 


Cedrela,  616. 
Cedrus,  463.  484. 
Celandine,  601. 
CelastracesB,  626, 674. 618. 
Celastrales,  674,  618. 
Celery,  626. 
Celosla,  687. 
Celsia,  644. 
Celtis,  616,  679. 
Cembra,  485. 
Centauiea.  664. 
Centaury,  661. 
Centiautbus,    660     (Fig 

462). 
Centrolepidaceaa,  662. 
Cepbaelis,  669. 
Cephalanthera,  566. 
Cepbalauthereaa,  566. 
Cephalides.  289. 
Cephalotaces,  574,  640. 
Cephalotaxus,  466,  487. 
<'ephalotu8,  640. 
Ceramiaceaa,  272. 
Ceramium,  2/2. 
Cirastium,  603,  599. 
Cerasus,  633. 
Ceratium.  286. 
Ceratopteris,  893. 
Ceratodon,  330  (Fig.  236), 

370. 
Ceratonia,  637. 
Ceratophyllaceffi.  673,  598. 
Ceratopbyilum.  698. 
Ceratozamia.  471  481. 
Cercis,  511  (Fig.  327),  637. 
Cereus,  629. 
Cerinlhe,  496. 
Cerupegia,  652. 
Ceroxylinae,  544. 
Cestree,  649. 
Cestrum,  649. 
Ceteracb,  405. 
Cetraria,  322. 
ChsBrophyllum,  626. 
Chsetocladit^ffi.  287, 2S9. 
Cbsetocladium,  289. 
Chaatominm,  276,  :!98,301. 
Cbastomorpha,  241. 
Chastophora,  248. 
ChaBtophoruoese,  243,247. 
Chietopteris,224(Fig  160), 

267.  269. 
Chamfficyparis,  486. 
Cbauisodorea,    543     (Fig. 

351). 
ChamsDlaucieaa,  631. 
Cbamfeorchis,  666. 
Cbamaarops,  543. 
Chamomile,  664. 
Champia,  272. 
Chantransia,  268,  273. 


Digitized  by 


Google 


CLASSIFICATION  AND   NOMENCLATURE. 


789 


Cbara,  251  (Fig.  180),  258 

(Fig.   181),  256  (Fig. 

183). 
CharaoesB,  251. 
Gbaracium,  236. 
CharesB.  255. 
Charlock,  605. 
CharoideaB,  286,  251. 
Ghasmanthera,  595. 
Chaste  Tree,  643. 
Cheilanthes,  391,  405. 
Cheiranthus,  604. 
ChelidoQium,601(Fig.404). 
CheloDe,  644. 
ChenopodiaceaB,  496,  513, 

673,  587. 
Cbenopudiales,  570,  573, 

586. 
Chenopodiam,    586  (Fig. 

392). 
Cherry  Lanrel,  633. 
Chervil,  626. 
Chickweed,  599. 
Chickweed  Winter-green, 

654. 
Chicory,  665. 
Chili  Pepper,  649. 
Chilosoyphus,  348. 
ChimoDantbns,  594. 
China  Aster,  663. 
Chinese  Yew,  4H7. 
Chionanthus.  652. 
Chionodoxa,  556. 
Cbiyes,  558. 

Chlamydomonadaee8B,237. 
Chlamydomonas,  237. 
Chlora,  651. 

Chloranthaceffi,  573,  576. 
Chloride»,  549. 
Chloroohytrium,  236. 
Chloroeoccam,  286. 
ChloropbyceiB,    221,  284, 

321. 
Cblorophytam,  558. 
Cblorospbasra,  236. 
Chocolate,  611. 
Chomiocarpon,  843. 
Chondriopsis,  268,  272. 
Cbondrup,  272. 
Chorda,  257,  259. 
Chordaria,  257. 
ChoristocarpesB,  257. 
Ciioristooarpus,  257,  259. 
Christmas  Bose,  593. 
Chromophyton,  2o7. 
ChroococcacesB,  233,  321. 
Cbroolepus,  247. 
Cbrozophora,  621. 
Cbrysanthemuqi,  664. 
Cbrysobalanes,  635. 
Chrysodiom,  390. 


Chrysomyxa,     307     (Fig. 

217). 
Cbrysospleninm,  689. 
Chylocladia,  272. 
Cbytridiaceas,  278,  285. 
Cibotium,  391,  405. 
Cioendia,  651. 
CichoriesB,  665. 
Cichorinm,  493.  665. 
Cicata,  625,  626. 
Cinchona,  659. 
CiDohonea,  659. 
Cinnamomom,  596   (Fig. 

400). 
Ciaquefoil,  634. 
Circaoa,  630. 
Cissampelos,  595. 
Cistaces,  573,  606. 
Cistus,  606. 
CitroD,  615. 
CitruUus,  628. 
Citrus,  614,  615  (Fig.  416). 
Ciadochytrien,  287. 
Cladonia,  320,  321. 
Cladopbora,  241  (Pig.  172). 
Cladophoraces,  238,  241. 
Cladophoreas,  241. 
Cladoetephus,  257,259(Fig. 

185),  260  (Fig.  186). 
Cladothriohiee,  282. 
Cladothrix,  282. 
Cladrastis,  636. 
Clarkia,  507. 
CUry.  643. 
Classification  of  Alg»,  221. 

of  AngiospermsB,  533. 

of  Ascomyoetes,  300. 

of  Basidiomycetes,  315. 

of  Bryophyta,  332. 

of  ChlorophyceiB,  235. 

of  Coniferffi,  483. 

of  Dicotyledones,  573. 

of  FilicinsB,  381. 

of  Fangi,  280. 

of  Gynmospermo,  480. 

of  Hepatic®,  336. 

of  Licbenes,  320. 

of  Monocotyledone8,538. 

of  Musci,  363. 

of  PhseophycesB,  257. 

of  Phanerogamia,  462. 

of  Phycomyoetes,  285, 
290 

of  Pknts.  216. 

of  Pteridophyta,  378. 

of  Bbodopbyceie,  272. 
Clatbnis,  3i9. 
Clavaria,  315  (Fig.  221). 
Clavarieffi,  312,  315. 
Claviceps,  274,  301,   302 
(Fig.  212). 


Cleistocarpsd.  361,  368. 
Clematis,  502,  591. 
Cleome,  495. 
Clevea,  836. 
Climacium,  371. 
Closteriom,  244  (Pigs.  173, 

174). 
Clostridmm,  282. 
Clover.  636. 
Club  Moss,  421. 
Club  Rash,  551. 
Clusia,  494,  496. 
Clusiacea,  573,  609. 
Cluster  Narcissus,  568. 
Cluster  Pine,  485. 
Cluytia,  621. 
Cnicus,  664. 
Cobeoa,  648. 
CoccacesB,  282. 
Coocoloba,  598. 
Cooculus,  502,  516. 
Coccus,  281  (Fig.  196). 
Cochlearia,  605. 
Cock's  Comb,  587. 
Cock*8  Foot  Grass,  549. 
Coco-nut  Palm,  544. 
Cocos,  544. 
CodiesB,  240. 
Codium,  240. 
Codouies,  351. 
Ccekstrum,  242. 
Coelospermea,  625,  626. 
Ocenogonium,  321. 
Coffea,  659. 
Coffeeo,  659. 
Cofifee  tree,  659. 
Coix,  547. 
CoU,  611. 
ColchicesB,  558. 
Colchicoide»,  556. 
Colchicum,  557  (Fig.  363), 

568. 
Coleanthus,  547. 
Coleocbaste,  249,  250  (Fig. 

179). 
ColeochflBtacecB,  243,  249. 
Coleosporium,  307. 
Colens,  642. 
CoUabium,  564. 
Collema.    275,    298  (Fig. 

208),  321  (Pig.  228). 
CoUemaoefB.  320. 
Colignoaia,  588. 
Golocasia,  541. 
ColocasioidesB,  541. 
Colpomenia,  257, 259, 262. 
Colt's  Foot,  664. 
Columbine,  593. 
Columuea,  646. 
Colutea,  636. 
Colymbea,  475,  482. 
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Colza,  605. 
Comarum,  495,  634. 
CJomfrey,  650. 
Commelyna.  510  (Fig.325), 

512,  556. 
Gommelynaceffi,  492,  538, 

566. 
Commelynales,  538,  555. 
Commiphora,  615. 
Common  Basil,  642. 
Common  Buglosfl,  650. 
Compositffi    (Marchantia- 

oe»),  343. 
CompoBitaa,  489,  575.  662 

(Fig.  465),   663  (Fig. 

466). 
Conferva.  247. 
Coulervoidesd,    236,    243, 

321. 
ConidiophorfB,  269. 
ConiferiB,  463,  480,  481. 
Coniopbora,  316. 
Conium,626  (Fig.  426). 
Conjugated,  243,  244. 
ConocephaluB,  343. 
Conopodium,  625. 
Conyallaria.  558. 
Convolvulaceffi,  575,  647. 
ConvoWuIns,     614     (Fig. 

329),  647. 
Copper  Beech,  583. 
Coprinus.  812,  317. 
Cora,  320, 321. 
Corallina,  272. 
CorallinaoeaB,  268, 272. 
Corallorhiaa,  567. 
Coral  Root,  567. 
Corbularia,  568. 
Corchorus,  610. 
Cordyceps,  276,  294.  301. 
Cordyline,  558. 
Coreopsis.  664. 
Coriandree,  626. 
Coriandrcim,626  (Fig.426). 
Cork-oak,  583. 
Cornacees,  574,  626. 
Com  Cockle,  599. 
Cornel,  626, 
Com  Flag,  569. 
Corn-flower,  664. 
Cornish  Heath,  656. 
Cornish  Moneywort,  645. 
Corn-salad,  661. 
Cornus,  501.  626. 
Coronilla,  637. 
Corrigiola,  600. 
Corsinia,  336,  342. 
CorsinieaB,  840.  342. 
Corticium,  316. 
Cortinarius,  317. 
Corydalis,  511,  670,  602. 


Corylacea,  573,  581. 
Corylus,   62^,  582  (Figs. 

385,  386). 
CorypbinsB,  543. 
Cotinus,  618. 
Cotoneaster,  634. 
Cotton,  612. 
Cotton-Grass,  551. 
Conch-Grass,  550. 
Cowberry,  656. 
Cow  Parsley,  626. 
Cow  Parsnip,  626. 
Cowslip,  653. 
Cow- tree  578. 
Cow  Wheat,  645. 
Crakeberry,  623. 
Crambe,  605. 
Cranberry,  656. 
Cranes'-bill,  612. 
Crassnla,  640. 
Crassulacsa.  492.  574.  640. 
Crateegns,  634. 
CraterelluB,  316. 
Craterocolla,  313.  315. 
Creeping  Bugle,  643. 
Crenothrix,  282. 
Crepis,  666. 
Cress.  605. 
Crinum,  567. 
Cristatella,  526. 
Crithmum^  625,  626. 
CrocoidesB,  568. 
Crocus,  568. 
Cronartium,  307. 
Cross-leaved  Heath,  655. 
Croton,  622. 
CrotonesB,  621. 
Crowfoot,  592. 
Crown  Imperial,  556. 
Cruoibulum,  318. 
Crucifere    489,  495,  673, 

602  (Fig.  406). 
Cryptogamia.  218. 
Cryptogramme,  405. 
Cryptomeria,  466,  486. 
Cryptonemia,  272. 
CryptoneminsB,  270,  272. 
Cnbebs,  576. 
Cuckoo-pint.  541. 
Cucnbalus.  599. 
Cucumber.  628. 
Cucumis,  628  (Fig.  428). 
Cucurbita,  516,  628  (Pig. 

428). 
CucurbitacesB,    616.    574, 

627. 
Cudweed,  664. 
Cunninghamia,  466,  486. 
Cuphea,  631. 
Cupressus,  466,  486. 
Cupressinse,  486. 


Cupressinee,  466.  486. 
Cupuliferffi,  273. 
Curare,  651. 
Curcuma,  662. 
Currant,  640. 
Cuscuta,  647,    648    (Fig. 

446). 
Cut-grass,  548. 
CuUeria,  257, 261. 
Cutleriaceaa.  257, 259. 
Cyanophyoees.    221,    231. 

321. 
Cyathea,  390,  406. 
Cyatheacese.  379, 381, 391, 

405. 
Cyathodium,  338. 
Cyathus,    313,   318   ^Fig. 

224). 
Cycadace»,  463,  480. 
Cycas,  465.  480.  481  (Fig. 

303). 
Cyclamen,  653. 
Cyclanthera,  627. 
Cyclanthaoees,  638.  542. 
Cydonia,  634. 
Cymodocea,  553. 
Cymodoceie,  563. 
Cynara,  664. 
Cynareae,  664. 
Cynodon,  649. 
Cynoglossum,  650. 
Cynomorium,  690. 
Cyperacee.  612,  538,  550l 
Cyperus.  551. 
Cyphella,  316. 
Cypress,  486. 
Cypripedium,604,564  (Fig. 

369),  565  (Fig.  372). 
CypripediinsB,  666. 
Cystopteris.  391,  405. 
Cystopus,  292. 
Cystoseira,  266. 
CytinaceaB.  673.  689. 
Cytineas.  589. 
Cytinns,  589. 
Cytisus,  636,  777. 

Daboecia,  656. 
Dacrydium,  466.  487. 
Dacryomycea.  313.  315. 
Daoryomyoetes,  312. 315. 
Dacryomitra,  315. 
Dactylis.  549. 
Daodalea,  316. 
Daffodil.  568. 
Dahlia,  664. 
Daisy,  663 
DalbergieflB,  637. 
Daltonia,  371. 
Damasonium.  555. 
Dame*8  Violet,  604. 
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Dammara,  465,  483. 
Damson,  633. 
DaDcea,  383. 
Dandelion,  665. 
Danewort,  659. 
Daphne,  514, 620  (Fig.423). 
Darlington ia,  607. 
Darnel,  549. 
Da8ya,267,268(Fig.l93), 

272. 
DasycladesB,  240. 
Dasycladns,  240. 
Dasylirion,  558. 
Date,  634  (Fig.  345). 
Date  Pafm.  543. 
Datura,  509,  648,  649. 
DataresB,  649. 
Dancint^sB,  626. 
Daucns,  625,  626. 
DavaUia,  389  (Fig.  257), 

390,  405. 
DavallieaB,  405. 
Deadly  Nightshade,  649. 
Dead  Nettle,  643. 
DelesseriH,  272. 
DelesseriaceaB,  272. 
Delphinium,  496, 513  (Fig. 

328),  593. 
Dendrobinm,  567. 
Dendroceros,  352. 
Dentaria,  604. 
Derbesia,  238. 
Dertiesieaa,  240. 
Desmareatia,     224     (Fig. 

160),  257. 
Desmarestie®.  257,  259. 
Desmidiera,  244. 
Desmids,  245. 
Desmodiam,  637. 
Desvauxiacera,  552. 
Deutzia,  639. 
Dewberry,  634. 
Diacalpe,  391. 
Diandrffi,  566. 
DianthuB,  515  (i'ig.  330), 

599. 
Diapensia,  656. 
Diapensiacew,  575,  656. 
Diarrbena,  547. 
Diatomaces,  257/  258. 
Diatrype,  302. 
Dioeutra,  508,   602    (Fig. 

405). 
Dicksonia,  390,  405. 
Dicotyledones,    462,   533, 

570. 
Dicranacess,  370. 
Dicrunella,  370. 
Dicranum,  370. 
Dictamnus,  510,  614  (Fig. 

415). 


Dictyonema,  320,  321. 
Dictyopteris,  262. 
Dictyosiphon,  257. 
Dictyosiphonece,  257,  259. 
Dictyosphffiria,  242. 
Diotyosphserium,  236. 
DictyosteliaoeeB,  285. 
Dictyota.  262. 
DictyotacesB,  257,  262. 
Dictyuchus,  294. 
Didymium,  284  (Fig.  198). 
Diervilla,  660. 
Digitalis,  644. 
Digitaria.  547. 
Dion»a,  608. 
Dioon,  481. 
Dioscoreacead,    533,    538, 

560. 
Diosoorea,  560. 
Dioscoreales,  538,  560. 
Diosmee,  614. 
Diospyros.  653. 
Diotis,  664. 
Dipholis,  496. 
Diplalenia.  526,  651. 
DiplooolobeaB,  604. 
Diplomitrieffi.  348,  351. 
Diplotaxis,  605. 
Dipsaceo,  575.  661. 
Dii^isacuB,  494,  661. 
Dipterix,  637. 
Dipt«;rooarpace»,  573, 609. 
DisciflorBB,  574,  612. 
Discoliohenes,  320. 
Discomycetes,  302. 
Discosporangium,  257. 
Dissodon,  370. 
Diuris,  563; 
Dock,  598. 
Dodder,  647. 
Dog's  Mercdry,  622. 
Dog's-tooth  Grass,  549. 
Dog's-tooth  Violet,  556. 
Dog- Violet,  607. 
Doronicum,  663. 
Dothideaces^,  301. 
Doum  Palm,  543. 
Draba,  603  (Fig.  407),  605. 
Dracdnculus.  541. 
DracsBna,  535,  558. 
Dracaanoides^,  558. 
Dragon's  Tree,  558. 
Draparnaldia,  247. 
Dropwort.  632. 
Drosera,  €(08. 
Droseraoe»,  673,  608. 
Drosophyllum,  608. 
Drjas,  634. 
Dryobalanops,  609. 
Dry  Rot,  316. 
Duck-weed,  541. 


Dudresnaya,  271,  272. 
Dumontia,  272. 
DumoutiaceaB,  272. 
Damortiera,  337,  343. 
Durra,  548. 
Duvalia,  337,  342. 
Dwarf  Klder.  659. 
Dwarf  Wheat,  550. 
JDyer's  Weed,  606. 

Earth-almond,  637. 
Ebenacese,  575.  653. 
Ehenales.  575,  653. 
Ebony,  653. 
Eccremocarpns,  646. 
Echeveria,  640. 
Echinooactus,  629. 
Echinocloa,  547. 
Echinophora,  626. 
Echinops,  664. 
Echinopsis,  629. 
Echium,  496,  511.  650. 
EotocarpacesB,  257,  25^, 
Ectocarpeaa,  257. 
Ectocarpus,  257,  259,  261 

(Fig.  187). 
Eglantine,  632. 
EhretoidesB,  650. 
Eichhornia.  559. 
Elachista,  257. 
Blachisteaa,  257. 
Elseagnaoes.  574,  620. 
ElsBagnus,  620  (Fig.  424). 
Elais,  544. 
Elaphomyces,  301. 
Elaphoglossum,  405. 
ElatereaB,  351. 
Elatinaceaa,  573,  609. 
Elatine.  609. 
Elder,  659. 
Elecampane,  664. 
Eletteria.  562. 
Elm,  579. 
Elodea,  493.  560. 
Eluteria,  621. 
Elymus,*550. 
Elyna,  552. 
Emericella,  320. 
Rmpetracee,  574.  623. 
Empetrum,  515,  623. 
Empleorum,  614. 
Encalypta,  370. 
Encalyptaoes,  370. 
Encephalartos,  464,  481. 
Lnchanter's    Nightshade, 

630. 
Encoeli^cea,  257,  259. 
Endive,  665. 
Endocarpou,  320,  321. 
EndophyllesBi,  306. 
Endophyllum,  307. 
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EndoBpheBra,  236. 
Endosporen,  285. 
Englitth  Wheat,  550. 
Enteromorpha,  248. 
Entomophtboraceas,    285, 

289. 
Entyloma,  308. 
Epacridace»,  575,  655. 
Ephebe,  820,  321. 
Ephedra,  463,  471,  488. 
Ephemeraceas,  368. 
Ephemeram,  330,  354.  365 

(Pig.  249).  368  (Fig. 

250). 
Epicbloe,  301. 
EpUobium  507,  521  (Pig. 

334),  629  (Fig.  429). 
Epimedium,  497,  595. 
Epipactis,  457  (Fig.  291), 

566. 
Epipogiam,  563,  566. 
Eqaisetace®,  379, 380, 416. 
Equisetinie,  217,  372,  379, 

416. 
Equisetum,  391  (Fig.  259), 

416(Fig.271),4l7(Fig. 

272),  419  (Fig.  273). 
Eranthis,  526,  593. 
Eremascus,  297  (Fig.  206), 

300. 
Eremocarpus,  621. 
Ereuiosphasra,  236. 
Eremurus.  558. 
Ergot,  295.  302. 
Erica,  617. 655  (Fig.  455). 
Ericaceas,  503,  520,   575, 

655. 
Eriooles,  575,  654. 
Eriooideas,  655. 
ErigeroD,  663. 
Eriobotrya,  635. 
Eriocaulon,  552. 
EriocauloDaceas.  538, 552. 
Eriogonum,  597. 
Eriophorum.  551. 
Erodium,  612. 
Erophila,  605. 
Eryngium,  625. 
Erysimum,  604- 
Eryeipheae,  276,  294,  299 

(Fig.  209),  301. 
Erythraea,  650  (Fig.  451). 
Eiythrouium,  556. 
Erythrotrichia,  272. 
Erythroxylaceae,  574,  613. 
Erythroxylon,  613. 
Egcallonia,  640. 
Escbscholtzia,  601. 
Eaastrum,  244  (Fig.  174). 
Eu-callitriche,  623. 
Eucalyptus,  631. 


Eneharis,  568. 
Euohrysomyxa.  306. 
Euchylium,  321. 
Encoleosporiam,  306. 
Eudavallia,  405. 
Eudorina,  237. 
EndorineaB,  237. 
Eugenia,  631. 
Eumyeetozoa,  285. 
Euonymus,  618. 
Eupatorieas,  663. 
Eupatorinm,  663. 
Euphorbia,  515,  621  (Fig. 

425). 
Euphorbiacea»,  493,  570, 

574,  621. 
Euphorbien,  492,  621. 
Euphorbialefl,  574,  620. 
Euphrasia,  645. 
Eupodium,  383. 
Eurhynohium,  371. 
Enriecia,  842. 
Eurotinm,  295,  301  (Fig. 

211). 
Busagus,  543. 
Eusporangiatas,  379,  381. 
EuBtrobus,  485. 
Entsuga,  4S4. 
Evening  Primrose,  629. 
Evernia,  321. 
Bzidia,  313.  315. 
Exoascus,  300. 
Exobasidium,  313,  316. 
ExosporeaB,  285. 
Eyebright,  645. 

Fabronia.  371. 
FabroniaceaB,  371. 
Pagaceas,  573,  582. 
Fagopyrum,  598. 
Pagraaa,  651. 
PagUH,  583. 
False  Oat-grass,  549. 
Patsia,  626. 
Feather-grass,  548. 
Peffatella,  337.  343. 
Fenugreek.  636. 
Ferns.  376,  378,  381. 
Pem-Boyal,  408. 
Fescue-grass,  549. 
Pestuca,  54'7,  549. 
Pestuceas,  549. 
Fetid  Yew.  487. 
Peuillea,  515,  516. 
Picoideaa,  600. 
Picus,  578  (Fig.  379). 
Field  Poppy,  601. 
Fig,  578. 
Pigwort.  645. 
Pilago,  664. 
Filices,  380,  388. 


FilicincB,  217, 372. 378,38L 
Filicinae    Eusporangiate, 

379,  381. 
PilioinaB    Leptosporangi- 

atas,  379,  38L,  388. 
Pimbriaria,  836,  342. 
Fir,  481. 

Fissidens,  355,  370. 
FiasidentaceaB,  370. 
Fistulina,  313. 
Fitzroya,  486. 
Flag,  569. 
Fkx,  613. 
Flax  Dodder,  647. 
Fleabane,  664. 
Plorideae,  272. 
Flowering  Bush,  555. 
Ply  Orchis,  566. 
Foeniculum,624(Fig.  436), 

625. 
PontinalacesB,  371. 
Fontinalis,  355,  369  (Fig. 

252),  371. 
Poors-Parsley,  626. 
Forget-me-not,  650. 
Forsteronia,  526. 
Porsythia,  652. 
Posaombronia,  343,  351. 
Fouquiera.  609. 
Pourcroya,  568. 
Foxglove,  644. 
Foitail-grass,  548. 
Fragaria,  634. 
Prancoa,  507. 
Frankenia,  609. 
Prankeniaceas,  609. 
Frankincense-tree,  485. 
FraxineaB,  652. 
Praxinus,  652  (Pig.  453). 
Freesia,-569. 
French  Bean,  637. 
Preycinetia,  541. 
Pritdlaria,  556. 
Frog's  Bit,  560. 
Frullania,  343,   346  (Fig. 

245),352. 
FucaceaD,  257,  266. 
Fuchsia,    507,    508   (Fig. 

323),  629  (Fig.  429). 
Fucus,  268  (Fjg.  188),  264 

(Pigs.  189,  190.  191). 
Puligo,  285. 
Fumaria,  511,  601. 
FumariaceaB,  511, 518, 573, 

601. 
Fumitory,  602. 
Funaria,  825  (Fig.  232), 

326    (Fig.   233),   328 

(Pigs.  236.  237),  869 

(Fig.  251),   370  (Fig. 

253). 
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Fnnariaceffi,  870. 
FuDgi,  217,  220.  273. 
Funicularia,  342. 
FarcelUria,  272. 
Furze,  636. 

Ga^ea,  497,  558. 
Gaillardia,  664. 
Galactodeudroii,  578. 
Galantlms,  493,  567. 
Galax.  656. 
Galegeep,  636. 
Galeopsia,  648. 
Galingale,  551. 
Galinsogft,  664. 
Galium,  658. 
Galkonia,  556. 
GamopctalaB,  575,  611. 
Garlic,  55-^. 
Gasteria,  558. 
(:^asterolichenes,  820. 
Gasieromycetes,  312,  317. 
GauUberiu,  655. 
Gean,  633. 
Geaster,  318. 
GeiBsorhiza,  569. 
GelidiaceaB,  270,  272. 
Gelid ium,  272. 
Gelsemium,  651. 
Genista,  636. 
GeuisteaB,  636. 
Gentian,  650. 
Gentiana,  509  (Fig.  324), 

650. 
GentianacesB,     508,     575, 

650. 
Geiitiaiiales,  575,  650. 
GentianesB,  650. 
Geocalyctae,  348,  352. 
Geooalyx.  348. 
Georgia,  370. 
GeorgiacefiB,  367,  370. 
Gerauiaceae,  503,  574,  612. 
Geraninles,  574,  612. 
GesueracesB,  526, 575,  616. 
Geum,  495,  634. 
Gerauium,  492,  612  (Fig. 

414). 
Gigartiua,  272. 
Gigartinacee,  270,  272. 
Gigartininse,  272. 
Gilia,  648. 
Ginger,  562. 
Ginkgo,  449  (Fig.  290),  463. 

471,  482. 487. 
Githago,  599. 
Giraudia,  257.  259. 
Gladiolus,  510,  5t>9. 
GladioleeB,  569. 
Glttss-Wort,  587. 
Glauoiuu),  601. 


Glauz,  504,  653. 
Gleditsohia,  6S7. 
Gleiohenia,  405. 
GleicbeniacesB,    379,   390, 

405. 
Globba,  562. 
Globben,  562. 
Globe-flower,  693. 
Globe-Tbistle,  66 i. 
Globularia,  643. 
Globulariaceffi  575,  643. 
GloBocapsa,  232  (Fig.  163). 
Gloeosiphouia,  268,  272. 
Gloeosiphoniaces,  272. 
Gloriosa,  557. 
Gloxinia,  512.  646. 
Glumales,  537,  538.  545. 
GlumiflorsB.  538,  545. 
Gljceria,  549. 
Glycine.  637. 
Glycyrrbiza,  636. 
Gljrptostrobus,  463,  486. 
Gaaphalium,  664. 
GnetacesB,  463,  480,  488. 
Gnetum,  463,  488. 
Gnidia,  620. 
Goat's-beard,  665. 
Golden  Rod,  663. 
Gold-of-pleasare,  605. 
Gonatouema.  246. 
(4onium,  237. 
Goodyera,  567. 
GkK)8eberry.  640. 
Goose-foot,  587. 
Gorse,  636. 
Gossypium,  612. 
Gout-Weed.  626. 
Gracilaria,  272. 
Graminaces,     512,     538, 

545. 
Granatefe,  632. 
Graodinia,  316. 
Grape-Hyacinth,  556. 
Grape- Vine,  619 
GraphideaB,  322  (Fig.  231). 
Oraphis,    320,    323    (Fig. 

231). 
Grasses,  545. 
Grass  of  Parnassus,  639. 
Grass- Wrack,  653. 
Grateloupia,  268,  272. 
GrateloupiacesB,  272. 
Gratiola,  644. 
Great  Burnet,  633. 
Green- weed,  636. 
Grevillea,  5j<6. 
Grififitbsia,  272. 
Grimaldia,  337,  342. 
Grimmia,  370. 
GrimmiaceflB.  370. 
Gromwell,  650. 


Ground  Ivy,  643. 
Ground-nut,  637. 
Groundsel,  663. 
Grubbia.  519. 
Guaiacum,  614, 
Guarea.  615. 
Guelder  Hose,  659. 
Guepinia,  315. 
Gunnera,  630. 
Gutta-percha.  653. 
Gnttiferse,  609. 
Guttiferales,  573,  608. 
GuttulinesB,  285. 
Gymnadenia,    665     (Fig. 

371). 
Gymuadeniese,  /i66. 
GymnoasoefB,  300. 
Gymnoascus,  294,  300. 
Gymnogramme,  395. 
Gymnogrongrus,  272. 
GymnomitriesB,  352. 
Gymnomitrium,  352. 
Gymnospermae,  217,  468. 
Gymnosporanyium.  307. 
Gymnostomum,  369,  370. 
Gynandropsis,  495. 
Gynerinm,  549. 
Gyrocepbalus,  315. 
Gyromitra,  303. 
Gyrophora,  322. 

Habenaria,  566. 
BsBmadoraceae,  50i. 
HaemanthuB,  493. 
Hffimatococcus,  237. 
Hffimatozylon.  637. 
Hair-grass,  549. 
Halarachnion,  268. 
Halesia,  653. 
Halidrys,  266. 
Halimeda,  238,  240. 
Halophila,  493,  504,520, 

660. 
Halophiles,  560. 
HaloragidaceflB,  574,  630. 
Ualosphffira,  236. 
Halymenia,  268,  272. 
HamamelidacesB,  574,  641. 
Hamamelis,  508,  641. 
Haplomitrieffi,  351. 
Haplomitrium,    333,   344, 

851. 
Haplospora,  262. 
Hard  Fern,  405. 
Hard  Wheat,  550. 
Hare-bell,  657. 
Hart's-tongue  Fern,  405. 
Havers,  549. 
Hawk's-beard,  665. 
Hawkbit,  665. 
Hawkweed,  665. 
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Hawthorn,  634. 
Hazel,  581. 
Heart*8-ease,  606. 
Heather,  655. 
Hedera,  626. 
Hedge-Mustard,  604. 
Hedwigium,  370. 
Hedychieae,  562. 
Hedjohiom,     563      (Fig. 

367). 
Hedysarese,  636. 
HelenioideaB.  661. 
Heleniam.  664. 
Heliamphora,  607. 
Helianthemum,  606. 
Helianthoideee,  661. 
Heliauthas,  661 
Heliconia,  562. 
Heliconiete,  561. 
Heliotropium,  650. 
Helleboreas,  593. 
Helleborines,  566. 
Helleborua,  593  (Fig. 397). 
HelminthocladiaoeaB,  267, 

272. 
Helmiuthora,  272 
Helminthost  lohys,  881. 
Helvella,  303. 
lielvellacesB,  303. 
Hemerooallis,  492,  558. 
Hemitelia,  391,  405. 
Hemlock,  626. 
Hemlock  Fir,  484. 
Hemp,  578. 
Hemp  Agrimony,  663. 
Hemp  Nettle,  643. 
Hemp  tree,  643. 
Henbane,  649. 
Hepaticffi,  217,  324,  338. 
Heppia,  321. 
Heracleum,  510  (Fig.  326), 

626  (Fig.  426). 
Herb  Christopher,  593. 
Herb  Paris,  559. 
Herb  Robert,  612. 
Herminium,  566. 
Herniaria,  600. 
Hesperis,  604. 
Heteropuecinia,  306. 
Heteruromyces,  306. 
Heachera,  639. 
Hexapogon   569. 
HibisceflB,  532,  611. 
Hibiscus,  611. 
Hickory,  584. 
Hieraoiiim,  665. 
Hildenbrandtia,  272. 
Himanthalia,  84, 266  (Fig. 

192). 
Hippoorepis,  637. 
Hippophae,  515,  620. 


Hipparis,  680  (Fig.  430). 
HirtelliDae,  635. 
Holoas.  549. 
Holly,  619. 
Holly  Fern,  405. 
Hollyhock,  612. 
Holosteum,  599. 
Honesty,  605. 
Honey-grass,  549. 
HoneysQckle,  660. 
Hookeria,  371. 
Hookeriaces,  371. 
Hooped- Petticoat  Daffodil, 

568. 
Hop,  578  (Fig.  880). 
Hordes,  549. 
Hordeum,  550. 
Horehound,  64). 
Hormidium,  247. 
Hormotila,  236. 
Hornbeam,  315,  582. 
Horned  Pondweed,  553. 
Horned  Poppy,  60 1 . 
Horse  Chestnut.  616. 
Horse-radish,  605. 
Horse-shoe  Vetch,  637. 
Horse-tail,  416. 
Hoteia,  639. 
Hottouia.  bB4. 
Hound's-tongue,  650. 
House -leek,  640. 
Houttuynia,  676. 
Hoya,  65i. 

Humulus,  578  (Fig.  880). 
Hura,  621. 
Hutchinsia,  C05. 
Hyacinth,  556  (Fig.  852). 
Hyacinthas,  556. 
Hydnangiam,  317. 
HydnesB,  312,  316. 
Hydnora,  689. 
HydnoresB.  589. 
Hydnum,3l6(Fig.221). 
Hydrales,  638,  560. 
Hydrangea,  639. 
Hydrangeas,  639. 
HydrillesB,  560. 
Hydrooharidace8s,493,588, 

5t)0. 
Hydrocharis  660. 
Elydrouleis,  655. 
Hydrocotyle,  625. 
HydrocotylesB.  625. 
Hydrodictyaceffi.  238,  242. 
Hydrodictyon,  242. 
Hydropterideaa,  376,  379. 

380,  406. 
Hydrurus,  257. 
Hylooomium,  371. 
Hymenogaster,  313,  817. 
HymenogastresB,  817. 


Hymenolepis,  392. 
Hymooolichenes,  320. 
Hymenomycetes,  312,315. 
HymenophyllacesB,    379, 

331,  390.  404. 
Hymeuopliyllum,  390, 404. 
Hymenophyton,  351. 
Hymeno8tomam,369  370. 
Hyoscyamas,  509,  649. 
Hypecoam,  601. 
Hypenantron,  342. 
HypericaceflB,     518,     573, 

60S. 
Hypericum,  608  (Fig.  411). 
Hyph83ne,  543. 
Hypnacesa,  371. 
Hypnea,  272. 
Hypnam,  359,  371. 
Hypbchaaris,  665. 
Hypoobnus,  316. 
Hypochytriesa,  286. 
Hypooreaoeae,  301. 
HypoxidoideiB,  568. 
Hypoxylon,  301. 
Hvssop,  643. 
Hyssopos.  643. 
Hysterangiam,  317. 
Hysterium,  278. 

Iberis,  605. 

Iceland  Mosa,  322. 

Ilex,  505,  619. 

IllecebraoesB,  600. 

Illecebrum.  fOO. 

IlliciesB,  594. 

lUicium,   529  (Fig.    810), 

594. 
Impatiens,  610.  614. 
Imperatoria,  626. 
Indian  Cress,  614. 
Indigo,  636. 
Indigofera,  636. 
Inula,  664. 
Inuloideas,  664. 
Ipeoachuana,  669. 
Iridacee.   492,   601,   53B, 

668. 
Iridinis,  669. 
Iridioideie.  669. 
Iridssa.  272. 
Iris,  568  (Fig.  373). 
Irish  Heath,  656. 
Isatideas.  605. 
Isatis,  603  (Fig.  407),  605. 
Isnardia,  606,  630. 
iBoetacesB,  879,  380,  3S4. 
Isoetes,    373,    385    (Fig. 

256. 
Isonandra,  601,  653. 
Ithyphallus,  319. 
Ivy,  626. 
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Irta,  569. 
IxieaB,  569. 
Ixioideaa,  569. 

Jacob's  Ladder,  648. 
Jalap,  588. 

Jambosa,  631  (Fig.  432). 
Jasione,  657. 
JanmiiieflB,  652 
Jasminam,  506  (Fig.  320), 

653. 
Jatropba,  621. 
Jerusalem  Artichoke,  664. 
Jointed  Pipewort,  552. 
Jonqnil,  568. 
JabulesB,  350,  352. 
Judas- tree,  637. 
Jn^landacesB.  573. 584. 
Juglan«,    615,  684    (Fig. 

389). 
JuncaceBB,  492,  538,  5r>9. 
Juircaginaoes,    520,    538, 

654. 
JancuA,  559. 
June  Berry,  635. 
Jnngermannia,  3^2. 
JuDgermanniacee,     325, 

336,  343. 
JnngermannieaB,  352. 
Juniper,  486. 
JuniperinsB,  486. 
Junippriis,  464.  477  (Fig. 

302),  4%  (Fig.  307). 
Jnsticia.  646. 
Jute,  610. 

Ealmia,  655. 
KaulfuRsia,  383. 
Kauri  Gum-tree,  483. 
Kerri4,  632. 
Kidney-Vetcb,  636. 
Knapweed.  664. 
Knautia.  661. 
Knawel,  600. 
Kniphofia,  558. 
Knot-grass,  593. 
KolireHia,  552. 
Kceleria.  649. 
Kcenigia.  69"^. 
Kobl-rabi;  604. 

Labiatiflone.  6  "4. 
Labiate,   6i0,   618,    575, 

642. 
Lachenalia,  556 
Lactarius;  274,  317. 
Lactuca,  665. 
liadiei^*  Fingers,  636. 
Lady  Fern,  405. 
Lady's  Mantle,  633. 
Lady*B  Slipper,  566. 


Lady's  Tresses.  567. 
Lagenidium,  290. 
Lauib's-lettnoe,  661. 
Lamb's  Succory,  665. 
Lamialea,  575,  641. 
Laminaria,      223      (Fig. 

159),  257. 
LaminariacesB  257,  259. 
Lamium,  642   (Fig.    443), 

643. 
Lamprothamnns,  255. 
Landolpbia.  651. 
Lapageria,  569. 
Lapeyronsia,  669. 
Lapsana,  666. 
Larch,  484. 
LtirdizaloesB,  595. 
Larix,  463.  484. 
Larkspur,  593 
Lasioideie,  640. 
Lastra'a,  405. 
Lathrffia,  646. 
Lathyrus,  637. 
LatiseptiB,  605. 
Laudatea,  320. 
Lauraces,  619,  573,  596. 
L  iurencia,  272. 
Laurocerasns,  633. 
Laurustinus,  669. 
Lauras,  696  (Fig.  400). 
Lavandula,  642. 
Lavatera,  602. 
Lavender,  642. 
Lecanora,  322. 
Lecanorese,  322. 
Ucidea,  3*20,  322. 
Lecidnaceae,  322. 
Lecytbidaceaa,  631. 
Lecythideffi,  631. 
Leek,  568. 
Leersia,  648. 

Legumino88B,  506, 574, 635. 
Lejeunia,  344, 362. 
Lemanea,  268,  271,  272. 
LemaneacesB,  267,  272. 
Lemna,  641  (Fig.  360). 
Lemuaceffi.  637,  638,  511. 
Lemon,  616. 
Lempbolemma,  321. 
Lenuoaceaa,  666. 
Lens.  637. 
LentibulariacesB,  575,  614 

•  (Fig.  444),  647. 
LenUl,  637. 
Lenzites,  313,  317. 
Leontodon,  666. 
Leonnrns,  643. 
Lepidinee,  605. 
Lepidium,  605. 
Lepidocaryinaa,  543. 
Lepidosia,  314,  362. 


Lepigonum,  599. 
Lepiota,  312,  317. 
Leptodon,  371. 
Leptogium,  321. 
Leptogonum,  693. 
Leptoiegnia,  293. 
Leptopbyllis,  272. 
Leptopuocinia,  307. 
Leptospermeaa,  631. 
Leptosporangiatffi,    879, 

381,  388. 
LeptothricbieeB,  282. 
Leptotbrix,  281,  282. 
Leptonromyces,  307. 
Leskea,  371. 
Lesser  Celandine,  593. 
Lesser  Dodder,  647. 
Lettuce,  666. 
Leuce,  585. 
LeuoobryaoesB,  370. 
Leucobryum,  867,  iJ70. 
LeuoodoD,  371. 
Leucojum,  493.  667. 
Leuoonostoc,  282. 
Leuoostegia,  405. 
Lewisia,  600. 

Leyoesteria,  659  (Fig.  460). 
Libertia,  669. 
Libocedrus,  486. 
Lichenes,  273.  319. 
Lichina,  320,  321. 
Liguum  Vit8B.  614. 
LiguIiiioreB,  666. 
Ligusticum,  626. 
Ligustrum,  652. 
Lilac,  652. 
LilsBa,  654. 
LiliaceSB,  538,  566. 
Liliales.  638,  656. 
Lilioideffi,  566. 
LiUum,  605  (Fig.  319),  508 

(Fig.  322),   517   (Fig. 

831),    523    (Fig.  337) 

556. 
Lily,  499  (Fig.  313),  556. 
Lily  of  the  Valley,  658. 
Lime,  616. 
Lime-tree,  610. 
Limnantbemum,  651. 
Liumocharis,  565. 
Limoselia,  644. 
Linaoeffi,  496,  674,  613. 
Linaria,  511,  6l4. 
Ling,  656. 
LinnaBa,  660. 
Linum,  613. 
Liparidinse,  567. 
Liparis,  663,  667. 
Liquidambar,  641. 
Liriodeudron,  691. 
Listera,  567. 
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Lithoderma,  262. 
Lithopli.ylliim,  272. 
Lithospermam,  650. 
Lithothamnion,  272. 
L  toreUa,  516. 
Liverworts,  824,332. 
Lloydia,  556. 
Lobelia.   511,   657   (Figs. 

457.  45S). 
Lobeliaoeo.  575,  657. 
LoganiaceflB,  575,  651. 
Loiselearia,  655. 
Lolium,  549. 
Lomaria,  405. 
Lombardy  Poplar,  586. 
LomentaceaB,  605. 
Lomentaria.  272. 
Lonioera,  659  (Fig.  461). 
Lonioereas,  660. 
Loosestrife,  630. 
Lophocolea   343,  352. 
Lophophytnm,  590. 
Loqnat,  635. 

LoraiithaoeaB,523,573,589. 
Loranthas,  590. 
Lords  and  Ladies,  541. 
LotesB,  636. 

Lotas,  594,  635  (Fig.  435). 
Louse  wort,  616. 
Lucerne,  636. 
Luo'ima,  501. 
Lunaria,  605. 
Lung-wort,  650. 
Lunularia,  337,  343. 
Lapinus,  636. 
Lnziola,  547. 
Lnzula,  559. 
Luzuriagoideas,  559. 
Lychnis,    494,    503,    599 

(Fig.  403). 
Lycium,  649. 
Lyoiiothamnus,  255. 
LyooperdesB,  318. 
Lycoperdou,    318    (Fig. 

2i4). 
Lyoopersioum,  €19. 
Lyoopodiaceas,   371,    380, 

421. 
Lycopodina,  217,  372, 379, 

421. 
Lyoopodium.421  (Fig.274), 

422    (Fig.    275),   42i 

(Pig.  276). 
Lyoopsis,  650. 
Lycopus,  642. 
Lvgodinoi,  389,  890,  406. 
Lyme-grasi,  550. 
Lysimachia,  653. 
LythraceaB,  574,  630. 
Lythrum,  630. 
Mace,  597. 


Madura,  578. 
Macrocystis,  262. 
Macrozamia,  481. 
Madder,  658. 
Madotheca,  350,  352. 
Magnolia,  496,  594. 
Magnoliaoea.  573,  593. 
MagnoliesB,  594. 
Mahogany.  615. 
Mahonia,  509,  595. 
Maianthemum,  558.  659. 
Maiden-hair  Fern,  406. 
Maiden-hair  Tree,  487. 
Maize,  6  (7. 
Malaxis.  567. 
Male  Fern,  406. 
Mallow,  611. 
MalopeflB.  532,  611. 
MalpighiaceflB,  609. 
Mains,  634. 
Malra,  611(Fig.  413). 
MalTacea»,  620,  673,  611. 
Malvales,  573,  609. 
MaWesB,  632. 
Mamiliaria,  629. 
M^ndftrin  Orange,  615. 
Manglesia,  586  (Fig.  391). 
Mangold,  587. 
Mangrove,  632. 
Manihot,  622 
Manna-ash,  652. 
Man  Orchis,  566. 
Maple,  571  (Fig.  375),  616. 
Maranta,  563. 
Marantaceas,  533, 538, 562. 
Marasmias,  317. 
Marattia,  383. 
MarattiacesB,  874, 879, 880, 

381,  383. 
Marchantia,326  (Fig.  281), 

327   (Fig.    235).    335 

(Fi<?.  239),   337  (Fig. 

2i0),  339   (Fig.  241), 

343. 
Marchantiaceas,  829,  831, 

8B6,  341. 
Marchantieas,  336,  842. 
Mare*8-tail,  630. 
Mariposa  Lily,  556. 
Marjoram,  642. 
Marrubium,  613. 
Marsh  Andromeda,  666. 
Marsl)  Cinquefoil,  684. 
Marsh-mallow,  612. 
Marsh-marigold,  693. 
Marsh-fampbire,  587. 
Marsilea,  409  (Pig.  269). 
Marsileaceas,  379, 381,  415. 
Marsupella,  362. 
Marvel  of  Peru,  638. 
Massaria,  302. 


Mastigobrjam,  844,  851. 
Mat  grass,  660. 
Matricaria.  664. 
Matthiola.  604. 
Manrandia,  614. 
Maoritia,  643. 
May,  634. 
Matdeas,  617. 
Meadow-grass,  6  &9. 
Meadow-rue,  691. 
Meadow  SafiFron,  553. 
Meadow-sweet,  632. 
Meconopsis,  601. 
Medicago.  636. 
Medlar,  634. 
Meena,  869,  370. 
Melaleuca.  631. 
Melartipsora.    306      (Fig. 

216). 
Melampyrum,  616. 
Melauogaster,  317. 
Melanospora.  276  301. 
Melanthioideas.  666. 
Melia,  616. 
Meliaceas.  671.  616. 
Melica.  616.  619. 
Melio-grass,  549. 
Melilotus,  636. 
Melissa.  613. 
MeliS'iineaB.  613. 
Melittis.  643. 
Melobesia.  267,  272. 
Melon,  623. 
MenispermacesB,  602,  6 16, 

573,  595  (FiR.  399). 
Menispermales,  678,  694. 
Menispermnm,  5^5. 
Mentha,  642. 
Mentboide®,  642. 
Menyantbeas.  661. 
Menyanthes,  609  (Fig.324), 

661. 
Merourialis,  615,  622. 
Menziesia,  665. 
Mertensia,  650. 
Merulius,  316. 
Mesembryantbemam,  600. 
Mesocarpeas  216. 
MesogloBa,  257. 
MesoffloeeaB,  257. 
Mespilns,  631. 
Metrosideros,  631. 
Metroxylon,  643. 
MetzReria,  344  (Fig.  343). 

361. 
Metzgerieas,  351. 
Meum;  625. 
Micbauxia,  498, 657. 
Miorocacbrys,  487. 
Microcycas,  481. 
Miorospongiom,  257. 
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Micro  «pora,  247. 
Microtea,  587. 
Microthainnion,  247. 
Mignonette,  606. 
Mildeella.  368. 
Mildew,  294.  301. 
Milfoil,  664. 
Milium,  548. 
MUkwort,  617. 
Milla,  558. 
Millet,  547. 
Millet.grass,  548. 
MiUet-seed.  548. 
Mimosa,  506   (Fig.  321), 

638. 
MimosesB,  637. 
Mimnlus,  644. 
Mimusops,  496. 
Mint.  642. 
Mirabilis,  509,  588. 
Miscbocooons,  236. 
Mistletoe,  590. 
Mniaces,  370. 
Mnium,  370. 
Mook  Orange,  639. 
Moencbia,  599. 
Mohria.    391    (Fig.  259), 

406. 
Molinia,  549. 
Monadineaa,  285. 
Monandrffi,  566. 
MonardesB,  643. 
Monk's  bood,  593. 
Monoblepbaris,  275,  292. 
Monochlamyde8B,573,  575. 
Monoclea,  348. 
Monocotyledones,  2 17, 462, 

533. 
Monogramme,  401. 
Monospora,  267,  272, 
Monostroma,  248. 
Monotropa,  570,  656. 
Monotropeas,  656 
Monstera,  533,  540. 
MonsteroidefiB,  540. 
Montbretia,  569. 
Montia,  600. 
Moon- wort,  383. 
Moor-grass  549. 
MoraceaB,  573,  577. 
Morcbella,  303. 
Morell,  303. 
Morello  Cherry,  633. 
Mdrkia,  348,  351. 
Mortierella,  2i9. 
Mortierellesa,  289. 
Morns,  502,  577. 
Mosohatel,  659. 
Mosses,  324,  333,  354. 
Mother-wort,  643. 
Mougeotia,  246. 


Mould,  273.  294. 
Mountain  Asb,  634. 
Mountain  Avens,  634. 
Mountain  8orrel,  598. 
Mouse-toil,  592. 
Muoor,   287     (Fig.    199). 

288  (Fig.  200). 
MucoracesB.  287,  289. 
MuoorineB.  278,  235,  287. 
Mud  wort,  644. 
Mnehlenbeokia,  598. 
Mulberry,  577. 
Mullein,  644. 

Musa,  507,  562  (Fig.  366). 
Musaoes,  533,  538,  561. 
Muscari,  556. 
Mu8ci,2l7,  324,333,  354. 
MuscinesB,  324. 
MusefB,  561. 
Mushroom,  310. 
Musk,  644. 
Musk  Orchis,  566. 
Musschia,  657. 
Mustard,  605. 
Mutisia.  665. 
Mntisiee,  665. 
Mycocbytridinee,  286. 
Mycorhiza,  273. 
Myosotis,  650. 
MyoBurun,  592. 
Myrioa,  584. 
MyricacesB,  573,  584. 
Mjricaria,  609. 
Myrinia,  371. 
Myrionema,  257,  259. 
Myrionemeffi.  257. 
Myriopbyllum.  630. 
Myriotricbia,  257. 
Myriotricbeffi,  257. 
Myri8tic%,  596  (Fig.  401). 
MyristicacesB,  573,  596. 
Myrrh,  615. 
Myrrhis,  626. 
Myrsinaceffi,  575,  654. 
MyrtaceuB,  518,  674,  631. 
Myrtales,  574,  629. 
MyrtefiB,  631. 
Myrtle,  631. 
Myrtus,  631. 
Mystropetalon,  690. 
MyxocbytridinesB,  286. 
Myxomycetes,    274,    280, 

283. 
Myzocytium,  291. 

Naocaria,  272. 
NaiadacesD,  520.  538,  653. 
NaiadeaB,  553. 
Naias,  489,  526.  553. 
Nandina,  502, 595. 
Nanomitrium,  368. 


Naroissales,  538.  567. 
Narcissus,  493,  568. 
Nardia,  352. 
Nardns,  550. 
Narthecinm,  558. 
Nasturtium,  604,  614. 
Navew,  604. 
Neckera,  371. 
NeokeracesB,  371. 
Neotria,  301. 
Neesiella,  342. 
Nelumbiee,  594. 
Nelumbium,  594. 
Nemalion,  269  (Fig.  194), 

272. 
NemalioninsB,  272. 
Nemastoma,  268,  272. 
NemastomaceeB,  272. 
Neottnea.  566. 
Neottia,  564,  567. 
NeottiineB,  566. 
NepentbaoeaB,  573,  607. 
Nepenthes,  608. 
Nepeta,  6<3. 
NepetesB,  643. 
Nephrodium,  389(Fig.257), 

391,  405. 
Nereocystis,  262. 
Nerium,  526,  527,  651. 
New  Zealand  Flax,  558. 
Nicotiana,  514  (Fig.  329), 

649. 
Nidularia.  318. 
Nidulariesa,  318. 
Nig«3lla,  593. 
Nigritella,  563,  566. 
Nipa,  544. 
Nipplewort,  665. 
Nitella,  255. 
Nitellee,  255. 
Nitophyllum.  272. 
Nopalea,  629. 
Nostoc,    232    (Figs.    164, 

165). 
NostooacesB,  233.  821. 
Noteroclada,  3.51. 
Notochlffiua,  392. 
NotorhizesB,  604. 
Nothosoordnm,  558. 
Nototbylas,  352. 
NucumentaceeB,  605. 
Nupbar,  594. 
Nutmeg,  597. 
Nux  Vomica,  651. 
NyctaginaceaB,    494,    573, 

588 
Nyotalis,  313,  317. 
Nympbaaa,  524. 594. 
Nymp»»8BaceaB,    570,    573, 

594. 
NymphseinsB,  594. 
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Oak,  303,  582. 
Oat,  5i9. 
Oat-grass,  5  i  9. 
OobUndra,  5l7. 
OcimoidesB.  6i2. 
Ooimum,  642. 
Octaviana  313,  317. 
Odontia,  316. 
(Edogouiaoesa,  243,  24S. 
CEdogoniam,     249     (Fig. 

178). 
(Enanthe,  625. 
(Eaothera,  629. 
Oil  PaliQ,  544. 
Old  Maii*8  Beard,  591. 
Olea.  508,  652. 
OleacesB.  501,  575,  652. 
OleiueflB,  652. 
Olfer^ia,  405. 
Olibanam,  615. 
OligoporuB,  313. 
Olive,  652. 
Olpidiopsis,  236. 
Olpidiain,  286. 
Omphalaria,  321. 
OnagraoeoD,  506,  520,  571, 

629 
OQcidiiDB,  56 1. 
Onoidium,  567. 
Oncocyclaa,  569. 
Onion.  55^. 
Onobryohis,  637. 
Onoclea,  390,  405. 
Ononis,  636 
Onopordon,  664. 
Oooardium.  236. 
Oocystis,  236. 
Oomycetes,  276.  280,  290. 
Opegrapha,  321. 
OperoalatA.  342. 
OphioglossaoeflB,  874,  379, 

381. 
Ophiog  oasam,  874,  381. 
Opbiopogon,  559. 
Ophiopogonoideas,  559. 
Ophrydina.  566. 
Opbrys,  566. 
Opuntia.  623. 
Oracbe,  587. 
Orange.  615. 
Orchidaces,  501,  511,  533, 

563. 
Orchidales,  538,  563. 
Origanum,  642. 
Orcbis.    661    (Figs.    370, 

871),  666. 
Ornitbdgalam,  556. 
Ornitbopteris.  392. 
Orobancbaceas,  575,  616. 
Orobancbe,  646. 
Orobus.  637. 


Orontium,  633,  640. 
Orpine,  640. 
Ortboclada,  547. 
Orthoplocea.  604. 
Ortbospermeas.  625. 
Ortbotriobacen,  370. 
Ortbotriobum,    859,   862, 

370. 
Oryza,  648. 
Oryzes,  648. 
OsoilUria.  231  (Fig.  164). 
OscillariaoeflB.  233. 
Osmantbus,  652. 
Osmunda,  888,  394  (Fig. 

261),  406. 
OsmnndaceflB,    879,    381, 

406. 
Ostrya,  682. 
Ouvirandra,  554. 
OialidaceiB,  496,  574,  618. 
Oxalis,  613. 
Ox-eye  Daisy,  664. 
Oxlip,  658. 
Oxyoedrns,  486. 
Oxyooccos,  666. 
Oxymitra,  336,  312. 
Oxyria,  698. 

Paobygone,  695. 
Pacbygoneft,  695. 
Padina,  263. 
PsBonia,  521,  593. 
Pasouieas,  59  i. 
Paigle,  653. 
Palaqninm,  653. 
Pallavicinia,  351. 
Palm,  643. 
Palmaceas,  638,  542. 
Palmales,  638,  542. 
Palmella,  236. 
Palmodaotylon.  236. 
Palmodictyon,  236. 
Palmopbyllom,  236. 
Palmyra,*  543. 
Pampas  Grass,  549. 
Pancratium,  568. 
Pandanaces,     515,     538, 

641. 
Pandanns,  541. 
Pandorina,  237  (Fig.  167). 
FaudorineaB,  287. 
Panioeas,  547. 
Panicoideas,  547. 
Panicum,  646  (Fig.  854). 
Pannaria,  321. 
Pansy,  606. 
Panus,  317. 
Papaver,  601. 
PapaveracefB,     601,    578, 

600. 
Papaw,  627. 


Papayacea,  574,  627. 
Paper  Mulberry,  578. 
PapilionesD,  511,  518,  635. 
Papyrus,  651. 
Pariana,  647,  650. 
Parietales,  573,  600. 
Parietaria,  577. 
Paris,  559  (Fig.  364). 
Parlour  Palm,  559. 
Parmelia,  321. 
Pamas^a,  526,  639  (Fig. 

440). 
Parnassies,  639. 
Parnnyobieas,  512,  600. 
Parrotia,  641. 
Parsley,  626. 
Parsley  Fern,  405. 
Parsnip,  626. 
Passiflora,  627. 
Passifloracess,  674,  627. 
Passiflorales,  574.  626. 
Passion  Flower,  627. 
Pastinaca,  626. 
Patobonli,  642. 
Patersotiia,  569. 
Paulnwnia,  644. 
Pea.  637. 
Peaob,  638. 
Pearl- wort,  599. 
Pear- tree,  631. 
Pediastrnm,  242. 
Pedicular  is,  645. 
Pelargonium,  510,  612. 
Pellia,  332,  351. 
Peltigera,  320,  321. 
Peltolepis,  338,  342. 
Pelvetia,  266. 
Penicillium,  278, 296  (Fig. 

205),  301. 
Penny-cress,  605. 
Pentstemon,  644. 
Peony,  693. 

Peperomia,  676  (Fig.  376). 
Peplis,  630. 
Pepper,  676. 
Feriploca,  662. 
PerinporiaceaB,  301. 
PerisporiesB,  301. 
Periwinkle,  661. 
Peronospora,  278,  292. 
Peronosporacee,  278,  ^gj. 
Persimmon,  653. 
Personates,  575,  643. 
Pertusaria,  320. 
Peruvian  Lily,  568. 
PeUloidesB.  638,  553. 
Petalopbyllum,  343,  317, 

351. 
Petasites,  492,  663. 
Petrocelis,  272. 
Petroselinum,  626. 
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Petunia,  509  (Fi|;.824),649. 
Peuoedanee,  626. 
Peacedanazn,  626. 
Peyssonnelia,  272. 
Peziza,  299, 808  (Fig.  218). 
PezizaceflB,  303  (Fig.  218). 
Phacidiee,  808. 
Phacotus,  237. 
PhaoogamaB,  257, 262. 
Pbffiopbyoeas,  221,  255. 
PbaBophila,  248. 
PhaBosporee,  257,  258. 
PbajiineB,  564. 
PbalandesB,  548. 
Pbalaris,  548. 
Pballoideas,  818,  819. 
Phallus,  819  (Fig.  225). 
Pbanerogamia,  217,  481. 
PbascaoeaB,  868. 
Pbascum,  880,  868. 
Pbaseoleie,  687. 
Pbaseolus,  687. 
Pbeasant's  Eye,  592. 
Pheasant's  Eye  Narcimus, 

568. 
Phegopteris,  405. 
PhiladelpbesB.  689. 
Pbiladelphus,  506,  689. 
Pbillyrea,  652. 
PbilodeudroideaB,  540. 
Phlebia,  313. 
Phleum,  548. 
Phlox.  648. 
Phoenix,    534  (Fig.   845), 

643,  544  (Fig.  852). 
Pholiota,  818. 
Phormium,  558. 
Photinia,  685. 
Phragmicoma,  847,  852. 
Phragmidiopsis,  807. 
Phragmidium,  807. 
Phragmites,  549. 
Phucagrostis,  558. 
PhycochromaoeaB,  221,^81. 
Phycomyces,  289. 
Phyoomycetes,  275,   280, 

285. 
PhyllantheflB,  621. 
Pbyllantbos,  622. 
Pbyllisoiam,  821. 
Pbyllitis.  267,  262. 
Phyllobium,  236. 
Phyllocactas,  629. 
Pbyllooladus,  468,  487. 
Phyllodoce,  665. 
PbylloglosBom,  421. 
Pbyllophora,  272. 
Pbyllosiphon,  288,  240. 
Pbyllosiphonee,  240. 
Pbyllospadlx,  553. 
Pbysalis,  649. 
7.  8.  B. 


Pbysoia,  821. 
Physcomitrella,  368. 
Pbyacomitrellacefe,  868. 
Physoomitriom,  370. 
Pbysoderma,  810. 
Pbysosohoeuiis,  668. 
Physospermum,  626. 
Pbysosugma,  637. 
PbysnreaB,  567. 
PbytelepbantinflB,  544. 
Phytelepbas,  544. 
Phyteuma,  657. 
PbytoUoca.  587  (Fig.  898). 
Pbytolacoaceas,  518,  578, 

687. 
Phytopbthora,  291  (Figa. 

201,  202,  208),  292. 
Phytopbysa,  240. 
Picea.  472  (Fig.  298),  473 

(Fig.  299),   476  (Fig. 

801),  484. 
Picris,  666. 
Pilacre,  815. 
Pilaoreaa,  812,  815. 
Pilobolns,  289. 
Pilostyles,  689. 
PUularia,  406,  410,  415. 
Pimpernel,  663. 
Pimpinella,  625. 
Pinaster,  486. 
Pine,  485. 
Pinea,  485. 

Pine-apple,  661  (Fig.  865). 
PiDgaicola,  647. 
Pink.  699. 

Pinnnlaria,  258  (Fig.  184). 
Pinoideffi,  483. 
Pinus,  468  (Fig.  297),  475 

(Fig.  800),  482    (Fig. 

804),  485. 
Piper,  626,  576. 
Piperaceie,  673,  576. 
Piperales,  673,  676. 
Piptocepbalidee,  287. 
Piptooepbalis,  289. 
Pistacia,  618. 
Pistachio-Kernel,  618. 
Pistia,  641. 
Pistillaria,  316. 
Pistioidee,  641. 
Pisnm,  637. 
Pithophora,  241. 
Pittosporaceffi,  574, 640. 
Pittosporum,  641. 
Plagiocbasma,  336,  842. 
Plagioohila,846  (Fig.  244), 

352. 
Plane,  688. 

Planoblastee,  291,  292. 
Plantaginaceee.  675, 645. 
Plantago,  646  (Fig.  446). 


Plantain,  562.  646. 
PlasmodiopboresB,  285. 
PlatanaoeflB.  674,  688. 
PUtanofl,  638  (Fig.  488). 
Platyoerinm,  889,  405. 
Platycodon,  657. 
PlatyphylleaB,  862. 
Pleospora,  276,  278,  801. 
Pleoridium,  868. 
PleurocarpsB,  871. 
Pleurocladia,  262. 
PleurococcaoesB,  236. 
Pieurococcas,    286    (Fig. 

166). 
Plenrorbizeffi,  604. 
Plocamium,  267,  272. 
Plambagioaceas,  675,  654. 
Plumbago,  664. 
Plume-thistle,  664. 
Poa,  649. 
PodalyrieiB,  686. 
Podocarpee,  469,  487. 
Podooarpus,  465,  487. 
Pudopbyllnm,  695. 
Podospliasra,  298. 
Podostemaces,  574, 641. 
Pogonatnm,  870. 
Pogoniris,  669. 
Pogostemon,  642. 
Poinsettia,  498.  622. 
PolemoniaoeaB,  575,  648. 
Polemoniales,  675,  647. 
Polemonium,  648. 
Polybotrya.  390,  405. 
PolycarpeflB,  600. 
Polycarpon,  600. 
Polychidinm.  821. 
Polygala,  617  (Fig.  419). 
Polygalaoe©.  620, 674,  $17. 
Polygonaces,    501,    578, 

697. 
Polygonatum,  668. 
Polygonum.  489,500,597 

(Fig.  402). 
Polyides,  272. 
Polypeialffi,  573,  591. 
Polypbagus,  286. 
PoIypodiaceaB,    379,    881, 

891.  404. 
Polypodieffi,  891,  405. 
Polypodium,  388, 389  (Fig. 

267),  400  (Fig.  267j, 

406. 
Polyporeae,  812,  316. 
Polyporus,  313,  816  (Fig. 

221). 
Polysaccum,  818. 
Polysiphonia,     224    (Fig. 

161),  268,  272. 
Polystigma,  296,  bOl. 
Polytrichaoee,  857,  870. 
3  r 
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Polytrichum,     869,     871 

(Fig.  254). 
PomeaB,  684  (Fig.  483). 
PoznegraDate,  682. 
Pondweed,  554. 
Pontederia,  559. 
Pontederiacefe,  588,  559. 
Pooidece,  548. 
Poplar,  585. 
Poppy,  601. 
PopnluB,  585. 
Porocyphus,  321. 
Porotbelium,  816. 
Porphyra,  272. 
Porphyrin®,  272. 
Portugal  Laurel,  633. 
Portulaca,  600. 
Portulacera,  678,  600. 
Posidonia,  553. 
Pcsidonieae,  653. 
Potamogeton,  554. 
Potamogetoneas,  563. 
Potato  Plant.  649. 
Potentilla,  495,  634. 
PotentillejB,  638  (Fig.  483). 
PoterieiB,  633. 
Poterinm,  638. 
Pothoideae.  540. 
Pothos.  640. 
Pot  Marigold,  664. 
Pottia,  870. 
PottiaceBB.  870. 
Preisflia,  336,  848. 
Prickly  Samphire,  626. 
Primrose,  658. 
Primnla,  608   (Fig.   822), 

654  (Fig  4-4). 
Primulaceae,  489, 504, 676, 

663. 
Priroulales,  575,  653. 
Privet,  652. 
Prosopanche,  589. 
Pro8opi«,  689. 
Protea.  586. 

Proteaceas.  513,  673,  686. 
Proteales,  673,  586. 
Protobasidiomycetea,  812, 

815. 
Protococcaceas,  236,  821. 
ProtococcoideaB.  235,  236. 
Protomyces.  808. 
Pruneae,  632  (Fig.  438). 
Prunella,  643. 
Prnnophora.  633. 
Prunus,  632. 
Psalliota,  312,  317. 
Psathyrella,  313. 
Pspudocallitriche,  623. 
Pseudolariz,  484. 
Paeudoneura,  348. 
Pseudosolaneie,  644. 


Psendostrobus,  486. 
Psendotsuga.  484. 
Psilotaceas,  375,  880,  425. 
PsUotum,  373,  426. 
Ptelea,  616.  614. 
PterideeB,  406. 
Pteridium,  406. 
Pteridopbyta,  217,  372. 
Pteris,  889  (Fig.  267),  897 

(Fig.  262),  898  (Fig. 

264),  405. 
Pterocladia,  272. 
Pterostegia,  598. 
Ptilideas,  862. 
Ptilidium,  852. 
PtUota,  272. 
Puccinia,  278,  804  (Figs. 

214,  215). 
Pucciniopsis,  807. 
Putfball,  810.  31^. 
Pulicaria,  664. 
Palmonaria,  650. 
Pumpkin,  628. 
Punctaria,  267. 
PunctarieaB,  257. 
Punica,  632. 
Punicaceas,  682. 
Parple  Beech.  583. 
Purslane,  600. 
Pycnophycus,  266. 
Pylaiella,  257,  259. 
Pyrenolichenes,  320. 
Pyrenomycetes,  301. 
Pyrola,  655  (Fig.  455),  666. 
Pyrolaceae,  603,  675,  666. 
Pyronema,  276,  298  (Fig. 

207). 
PyruR,  634. 
Pythium,  291,  292. 

Quaking-grass,  649. 
Queltia,  668. 
Qnercus,  683  (Fig.  888). 
Quillaieffi,  636. 
Quince,  684. 

Bacoblenna,  321. 

Bacodinm,  321. 

Baoomitrinm,  870. 

Badiola.  613. 

Radish,  606. 

Badula.    336    (Fig.    289), 

343,  362. 
Bafflesia,  589. 
Bafflesieas,  589. 
Bamalina.  322. 
Bameya.  695. 
Bamondia,  646. 
Bampion,  667. 
Banales,  573,  691. 
Banunculaceae,  678,  691. 


BanonculuB,     592     (Pig. 

897). 
Bapa,  604. 
Bape,  605. 
Baphaneae,  605. 
Baphanus,  603  (Fig.  407). 

604. 
Baphia,  548. 
Baphiolepis,  636. 
Baspberry,  634. 
Battle,  645. 
Bavenala,  661. 
Beaumuria,  609. 
Beboulia,  337,  342. 
Bed- wood  Pine,  485. 
Beed,  649. 
Beed-grass,  648. 
Beed-mace,  642. 
Beindeer  Moss,  322. 
Beneda,  607,  511,  606. 
BesedacesB  673.  606. 
Best- harrow,  63ft. 
Bestiaceas,  538,  663. 
Bestiales,  638.  652. 
Bhamnaceas.  498. 501, 574, 

6ia 

Bhamnus.  618  (Fig.  421). 
Bhenm,  598. 
Bhinanthoideas  644. 
Bhinanthus,  646. 
Bhinopetalum,  611. 
Bhipidonema,  320,  321. 
Bhipsalis,  628. 
BhizocarpaB,  879,  406. 
Bhizoclonium,  24L 
Bhizomorpha.  814. 
Bhizophora,  632. 
Bhizophoraceae,  674  682. 
BhizophyllidaoeaB,  272. 
Bhizophyllis,  272. 
Bhizopogon,  317,818  (Fig. 

224). 
Bhodocbiton,  644. 
Bhododendroidese.  655. 
BhododendroQ.  655. 
Bhodomela,  272. 
BhodomelacesB,  272. 
Bhodophyceae.  221,  267. 
BhodophyllidaoeaB,  272. 
Bhodophyllls.  272. 
Bhodoraoeas,  603. 
Bhodotypus,  632. 
Bhodymenia,  27^. 
BhodymeniacesB   272. 
Bhodymeninaa,  272. 
Bhubarb,  698. 
Bhus,  618  (Fig.  420). 
Bhytiphloea,  272. 
Bhytisma,  803. 
Bibes,  509  (Fig.  324),  640 

(Fig.  441). 
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Bibesiaoeffi,  503. 
BibesieaB,  524,  640. 
Ribwort.  646. 
Biocardia,  351. 
Biccia,  385  (Fig.  239),  342 

(Fig.  242). 
Bicciese,  329,  336,  341. 
Bicciella,  342. 
BicciocarpuB,  336,  341. 
Bice-plant,  54^. 
Bichardia,  490,  541. 
Bicinas,    516,    519    (Fig. 

333),  622. 
Biella,  343  344,  351. 
Bielles,  351. 
Bivalariacee,  233,  321. 
Bobinia,  636. 
Boccella,  321. 
Bock-rose,  606. 
Bodgersia,  639. 
BcBstelia,  309. 
Bomnlea,  56^. 
BoridaK  608. 
Bosa,  503  (Fig.  316),  632. 
Boeaces,  495. 570.574, 632. 
Bosales.  574,  632. 
Bose,  632. 

Boseae,  632(Fig.433). 
Bosemary,  643. 
Bosmarinus,  643. 
Bowan-tree,  634. 
Babia,  658  (Fig  459). 
Bubiacees,  575,  65S. 
Babiales.  575,  653. 
Babas,  633  (Fig.  434). 
Badbeckia,  664. 
Bae,  614. 
Baellia,  646. 
Bamex,  516,  593. 
Bappia,  554. 
Basons,  558. 
Bash  559. 

Bu3sula,  318  (Pig.  223). 
Bast,  273,  303. 
Bata,  614. 
Bataops,  503,   526,  574, 

614. 
Bateas.  510, 614. 
Bye,  550. 
Bye-grass,  549. 

Sibina.  486. 
Saccharomyces,  300  (Fig. 

210). 
Saccharomycetes,  300. 
Saccbaram,  548. 
Saccogyna,  347,  352. 
Safflower,  664. 
Saffron  Croons,  568. 
Sagina,  599. 
Sagitiaria,  555. 


Sago,  543. 
Sainfoin,  637. 
Salad  Barnet,  633. 
Salioac8ffi,  512, 573,  585. 
Salicornia,  587. 
Salisbnria,  487. 
Salix,  585  (Fig.  390). 
Sallow,  585. 
SalpigloBS ideas,  649. 
Salpiglossis,  649. 
Salsafy,  665. 
Salsola,  597. 
Salt-wort.  587. 
Salvia,  519.  642,  643. 
Salvinia,   373.  403    (Fig. 

268),  415  (Fig.  270). 
Salviniaoeaa,     379,      881, 

406,412.415. 
Simbnceas.  659. 
Sambucus.  659. 
Samolns,  654. 
Samphire,  626. 
Sandal-wood,  589. 
Sand-wort,  599. 
San^aisorba,  504,  633. 
Sanicula,  625. 
Sanioaleas,  625. 
Sanseyleria,  539. 
Santalaceas,      525,     573, 

589. 
Santalales,  573,  589. 
Santalam.  589. 
Sapindacece,     527,     574, 

616. 
Sapindales,  574,  615. 
Sipindus.  616. 
Saponaria,  5i^9. 
SapjtaceaB,  496,  504,575, 

653. 
Saprolegnia,  294. 
SaprolegoiicefiB,  275,  279, 

290,  ^3^ 
Sarcina.  232. 
Sarcophyte.  519,  590. 
Sarooscyphns,  352. 
Sargassum,  266. 
Sarothamnus,  636. 
Sarracenia,       607      (Fig. 

410). 
Sarraoeniaceaa,  573,  607. 
Sarraceniales.  673,  607. 
Sarsaparilla,  559. 
Satureia,  612. 
Satareinees,  642. 
Saururaceae,  573,  676. 
Sanssurea,  664. 
Saoteria,  339,  342. 
Savia,  621. 
Savoy-cabbaffe,  604. 
Saw-wort,  664. 
Saxegotbea,  487. 


Saxifraga,  503  (Fig.  824). 

639. 
Saxifragaoeaa.     501,    508, 

574  638. 
Saxifragales,  574,  68S. 
SaxifrageaB,  638. 
Scabiosa,  662  (Fig.  463). 
ScandioeaB  626. 
Soandix,  626. 
Soapania,  343,  352. 
Scaphospora,  262 
Saarborongh  Lily,  567. 
Ssarlet-ranner,  637. 
Scenedesmns,  236. 
Soheuchzeria,  554. 
Schintostega,d55,369  370. 
Schistostegaceas.  370.        , 
SchizaBa,  389,  406. 
SchizeBaoeas,     379,     3  SI, 

391,  406. 
Schizanthas,  649. 
Schizomycetes,  233,  274, 

280. 
Sohizopepon,  516. 
Schizophyta,  233,  283. 
Schizostylis,  569. 
Sohizymenia,  272. 
Sohlerochloa,  549. 
Sshcenus,  561. 
Sohollera,  656. 
Sciadiam,  236. 
Soiadopitys,  463,  486. 
Scilla,  556. 
SsilleaB,  556. 
S^inaia,  272. 
Soindapsas,  533.  540. 
SsirpoideaB,  492,  55). 
Scirpus,  551  (Fig  357). 
Scitaminead,  533,  538,  561. 
Soleranthus,  504,  600. 
Scleroderma,  318. 
Sclerod-irmeffi,  318. 
Sclerotioieas,  274. 
Soolopendrium,  891,   892 

(Fig   260),  405. 
Scorpion-grass,  650. 
Scorzonera,  665. 
Scots  Pine,  485. 
Scottish  Asphodel,  557. 
Screw-pine,  642. 
Scrophn'aria,  645. 
Scrophalariaceae  501,503, 

575,   644    (Fig.  444), 

645  (Fig.  445). 
Sonrvy.grass.  605. 
Scutellaria.  643. 
Soutellarieae,  643. 
Soytonema,  321. 
SoytonemaceaB  233,821. 
Soytonemeae,  233. 
Scytosiphon,  257,  259. 
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ScytosiphoneaB,  257. 
Sea-bUte,  587. 
Sea-buckthorn,  620. 
Sea-bnglos8,  650. 
Sea-heath,  609. 
8ea-kale,  605. 
Sea-l&Tender,  654. 
Sea-mi  Ik  wort,  654. 
Sea-purslane,  599. 
Sea-rocket,  605. 
Sebacina,  818,  815. 
Secale,  550. 
Sedge,  552. 
Sedum,    505    (Fig.   818), 

507,  640  (Fig.  442). 
Selaginella,      427       (Fig. 

277).  428  (Fig.  278), 

429  (Fig.  279). 
SelaginellaoeaB,  874,  880, 

426. 
Seligeria,  870. 
Seligeriaceie,  870. 
Sempervivam,  640. 
SeDdtnera,  852. 
Senebiera,  605. 
Senecio,  668. 
Senecionidefe,  668. 
Sensitive  Plant,  688. 
Sequoia,  466,  485. 
Serapiadeas,  566. 
Serratula,  664. 
Service-tree,  685. 
Se«eli,  625. 
Seselineffi,  625. 
Sesleria,  549. 
Shaddock,  615. 
Shalot,  558. 
Sheep'8-bit,  657. 
Shepherd's  Purse,  605. 
Sherardia,  658. 
Shield  Fern,  405. 
Shortia,  656. 
Sibbaldia,  684. 
Sibthorpia,  645. 
Sideroiylon,  504. 
Bilaus,  625. 
SUene,  504,  599. 
SilenesB,  599. 
Siier,  625. 
Siliculosffi,  605. 
Siliquoeie,  604. 
Silver  Fir,  484. 
Silver-weed,  684. 
Simarubacesa,  574,  615. 
Simetbip,  558. 
Sinapis,  605. 
Sinningia,  646. 
Siphoblastse,  291,  292. 
Siphonace8B,  288. 
Siphonia,  622. 
Siphonooladus,  242. 


SiphonoidesB,  235,  288. 
Sirogoniom,  245. 
Sirosiphon,  821. 
SirosiphoncfB,  288. 
Sison,  625. 
Sistostrema,  816. 
Sisymbriee,  604. 
Sisymbrium,  604. 
Sisyrinobiufe,  569. 
Sisyrinohiom,  569. 
Sinm,  625. 
SkuUcap,  643. 
Sloe,  633. 
Small  Reed,  548. 
SmilacoideaB,  559. 
Smilax,  536.  559. 
Smut,  273,  303,  808. 
Smyrniea^  626. 
Sm^rnium,  626. 
Snake's  Head,  556. 
Snapdragon.  644. 
Snowberry,  660. 
Snowdrop,  567. 
Snowdrop-tree,  658. 
Soap-wort,  599. 
SolanaceaB,  575,  648. 
Solanese,  649. 
Solanum,  649. 
Soldanella,  658. 
Solidago,  663. 
Solomon's  Seal,  558. 
Sonohus,  665. 
Sophores,  636. 
Sorastrnm,  242. 
Sorbus,  684. 
Sordaria,  276,  801. 
Sorophoree,  285. 
Sorrel,  598. 
Sowbread,  653. 
Sow-thistle,  665. 
Spadioiflone,  588,  689. 
Spanish  Chestnnt,  588. 
Spanish  Iris,  569. 
Sparassis,  815. 
Sparaxis,  569. 
Sparganiam,  542. 
Spartina,  549. 
Spearwort.  598. 
Specularia,  657. 
Speedwell,  645. 
Spelt,  550. 
Spergula,  508  (Fig.  817), 

599. 
Spergularia,  599. 
Spermaphyta,  481. 
SpermatochneflB,  257. 
Spermatochnus,  257.  259. 
Spermothamnion  ,270(Fig. 

195),  272. 
Sphaoelaria,  257,  259. 
Sphacelariefe,  257,  259. 


Spbsrella,  801. 
SphsBriacee,  801. 
Sphserita,  286. 
Sphserobolue,  818. 
Spbaarooarpus,  890    (Fig. 

238),  848,  851. 
SpbierococcaceflB,  272. 
Sphierococcus,  272. 
Sphsarophorus,  822. 
Sphasroplea,  241. 
SphieroplefB,  241. 
Sphagnacee,    828,   880, 

868. 
Sphagnum,  864  (Figa.  247. 

248). 
Spider  Orchis,  566. 
Spilonema,  821. 
Spinach,  587. 
Spinacia,  587. 
Spindle-tree,  618. 
SpiriBa,  632. 
SpirsBeae,  632. 
SpirantheiB,  566. 
Spiranthes,  567. 
SpiriUum,  281  (Fig.  196). 
Spirochflste,  281. 
Spirogyra.  246  (Fig.  175). 
SpirolobefB,  604. 
Spiachnacee.  870. 
Splaohuum,  856,  370. 
Sporangiophors,  289. 
Sporochneo,  257,  259. 
Sporoohnns,  257. 
SporochytriesQ,  286. 
Sporodinia,  269. 
Spring  Snowflake,  567. 
Spruce  Fir,  484. 
Spurge,  622. 
Spurrey.  599. 
SquamariaceiB,  269, 272. 
Sqoinancy-wort,  658. 
StachydesB,  643. 
Stachjs,  648. 
Stangeria,  465,  481. 
Stapelia,  652. 
Staphylea,  618. 
HtaphyleacesB,  574,  6ia 
Star  Anise,  594. 
Star  Daffodil,  568. 
Star-lroit,  555. 
Star-grass,  559. 
Star  of  Bethlehem,  566. 
Statice,  654. 
Staurastrum,  244. 
Stegocarpe,  861,  368. 
Stellaria,  509,  599. 
StelUte,  668. 
Stemonitis,  286. 
StenolobesB,  621. 
Stephanosphiera,  287. 
Sterooliacen,  678,  610. 
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Sterenliefe,  611. 
Stereum,  316. 
Sternbergia,  567. 
Stioto,    S20.     822    (Figs. 

229,  280). 
Stiotyosiphon,  257. 
Stigeooloniam,  247. 
SfcilophorA,  257. 
Stilophores.  257. 
Stinging  Nettle,  577. 
Btipa,  545,  548. 
Stitoh-wort,  599. 
St.  Dabeoc'd  Heath,  655. 
St.  John's  Wort,  603. 
Stocks,  601. 
Stone  Pine,  485. 
Stork's  bill,  612. 
Strap-wort,  600. 
Stratiotefe,  560. 
Stratiotes,  560. 
Strawberry,  634. 
Strawberry-tree,  655. 
Streblonema,  257. 
Strelitzia,  561. 
Streptocarpns,  646. 
Streptosolen.  649. 
Striaria,  257,  259. 
StriariesB,  257. 
Strobns,  485. 
Struvea,  242. 
Stryohnos,  651. 
Sturmia.  567. 
Stylidium,  518. 
Stypooaolon,    224    (Fig. 

160),  257. 
Styraoes,  575,  658. 
Styrax,  658. 
SaflBda,  587. 
Sabnlaria,  605. 
Snocisa,  661. 
Sa^ar-oane,  54S. 
Sagar  Piue,  435. 
Samach,  618. 
Summer  Savory,  643. 
Sammer  Saowflake,  567. 
Sundew,  608. 
Sanflower,  664. 
Sweet  BasU,  642. 
Sweet  Bay,  596. 
Sweet  Briar.  682. 
Sweet  Flag,  510. 
S«eet  Orange,  615. 
iSweet  PoUto,  647. 
Swietenia,  615. 
Sycamore,  616. 
Sychnosepalam,  502,  595. 
Symphoricarpus,  660. 
Symphyogyna,  845,  351. 
Symphytum,  6*50. 
Symplooarpus,  533,  510. 
Syncephahs,  289. 


Synchytrinm,  286. 
Syngenetica»,  257. 
Syringa,  652. 
Syringes,  652. 

Taoamahaca,  586. 
TacoaceeB.  538,  560. 
Tseda,  485. 
Tagetes,  664. 
Tamaricacee,  573,  609. 
Tamarindus,  657. 
Tamarisk,  609. 
Tamarix,  609. 
Tamus,  560. 
Tanaoetum,  663  (Fig.  466), 

664. 
Tansy,  661. 
Taonia,  26.3. 
Tapioca,  622 
Taraxacum,  663  (Fig.  466), 

665. 
Targionia,  386,  842. 
TargionisB,  312. 
Tassel  Pondweed,  554. 
Taxcsb,  467,  487. 
TaxodinesB,  466,  485. 
Taxodinm,  463,  486. 
TaxoidesB.  467,  482,487. 
Taxus,   463,      487     (Fig. 

303). 
TaTloria.  870. 
Tea,  609. 
Teak- tree,  618. 
Teazle.  661. 
Teooma,  616. 
Tectona,  613. 
Teesd^lia,  605. 
Telegraph-plant,  637. 
Tenagocharis,  555. 
Tt-mstroBmia.  496. 
TerustroBmiaoeB,  578, 609. 
Tesselina,  842. 
Tetraphis,  370. 
Tetraspora,  286. 
Tetrodontium,  370. 
Tetroncium  554. 
Teucrium,  643. 
Thalamiflora,  573,  591. 
Thalictrum,  591. 
ThaUophyta,  217.  220. 
Thamnidium,  289. 
Thea,  603. 
Thelephora,  816. 
Thelephorese,  812,  816. 
Thelidium,  821. 
Theobroma,  611. 
TheophrasU,  654. 
Thermopsis,  636. 
Thesinm,  589,  590  (Fig. 

895). 
Thistle,  664. 


Thlaspi,  608    (Fig.   407), 

605. 
Thlaspidese,  605. 
Thorn-apple,  619. 
Thrift,  651. 
ThuidiacesB,  371. 
Thuidium,  356,  871. 
Thuja,     468,    486     (Fig. 

803). 
Thujopsis,  486. 
Thujopsidiuas,  486. 
Thunbergia,  646. 
Thyme,  642. 
Tbymelaaaces,  518,  574, 

619. 
Thymus,  642. 
Tiarella,  639. 
Tiger  Flower,  569. 
Tiger-lily,  656. 
Tigridia,  569. 
TigridinsB,  569. 
Tilia,  610  (Fig.  412). 
TiliaceaB.  573,  609. 
Tillffia,  640. 
Tilletia,  808  (Fig.  218). 
Tilopteridaceie,  257,  26% 
Tilopteris,  262. 
Timothy-grass,  548. 
Tmesipteris,  873,  425. 
Toad-flax,  644. 
Toadstool,  810. 
Tobacco-plant,  649. 
Toddalieas,  614. 
Todea,  406. 
Tofieldia,  558. 
Tolypella,  254  (Fig.  182). 
Tolypellopsis,  255. 
Tomato,  649. 
Tomentella,  818. 
Tonka  Bean,  687. 
Tordylium,  626. 
Torilis,  626. 
Torreya,  463,  487. 
Tortula,  370. 
Tradescantia,  512,  556. 
Tragopo^on,  665. 
Trapa,  630. 
Treacle  mustard,  604. 
Tree-fern.  405. 
Tree  of  Heaven,  615. 
Tremella,  312  (Fig.  220). 
TremellinesB,  312,  315. 
Trentepohlia,  248,  321. 
Trichocolea,  344,  352. 
Triohomanes,    873,     389 

(Fig.  257),  404. 
Trichomanoideie,  352. 
Trichonema,  568. 
Trichosph»ria.  302. 
Tricbostomum,  370. 
Trioycla,  588. 


Digitized  by 


Google 


804 


INDEX,    PART   I. 


Trientalis,  654. 
TrifolieflB,  6i56. 
Trifolium.  636. 
TriglochiD.  664  (Fig.  369). 
Trigonella,  63(5. 
Trillium,  669. 
Trinia,  626. 
Triphragminm,  807. 
Triticum.  636  (Fig.  346), 

660. 
Trilonia,  669. 
TrolilQs,  496,  519,  693. 
Tropsolaoeffi,  674, 614. 
l*ropfBoluai,613  (Fig.  328), 

614. 
Truffle,  301. 
Tsuga,  466,  484. 
TuberaoesD,  301. 
TubuliflorsB,  662. 
Tuburoinia,  308. 
Tulip,  666. 
Tulipa,  666. 
TolipefB,  666. 
Tulip-tree,  694. 
Tulostoma,  313,  317,  319. 
Turk's  Cap  Lily,  666. 
Turmeric,  662. 
Turnip,  606. 
Tn8f>ilago,  664. 
Tutsans,  608. 
Twayblade,  567. 
Typha,  642. 

Typbaoeie,  637,  638,  642. 
Typhula,  276,  316. 

Udotf  a,  240. 
Ulex,  636. 
Ulmace®,  673,  679. 
Ulmus,  679  (Fig.  381). 
Ulooolla,  313. 
UlothricacesB,  243,  246. 
Ulothrix,  247  (Figs.   176, 

177). 
Ulva,  248. 
UlyiioesD,  243,  249. 
Umbellales,  674,  623. 
Umbellifer8B,491,608, 670, 

674,  624. 
Umbilicaria,  322. 
Umbraculum,  3J6,  361. 
Umbrella  Piue,  486. 
Uncinula,  299  (Fig.  209). 
UrediuesB,  303,  306  (Fig. 

216),  310. 
Uredo,  308. 
Urocystis,  310. 
Uromyces,  307. 
Uromyoopsis,  307. 
Urospora,  241. 
Urtica.  602, 677  (Figs.  377, 

378). 


Urticacee,  673,  677. 
Urticales,  672,  673,  676. 
Usuea,  323  (Fig.  230). 
UstilaginesB,  287, 303, 308. 
Ustilago,  309  (Fig.  218). 
Utrioularia,  647  (Fig  447). 
Uvularia,  667. 

Vaccioiace®,  676,  666. 
Vaccinium.  617  (Fig.  382), 

655  (Fig.  466),  f  66. 
Valerian,  660  (Fig.  462). 
Valeriana,  612,  660. 
Valerian aoeee,    612,    676, 

660. 
Valerianella,  492,  661. 
Valisneria,  616,  6t0. 
Valisneries,  660. 
Vallota,  667. 
Valonia,  242. 
ValonicsB,  242. 
Vampyrelles,  285. 
Vanda,  567. 
VaniUa.  667. 

Vascular  Ciyptogams,  372. 
Vaucheria,  239  (Fig.  169). 
VaucherirsB,  240. 
Venus' Fly  trap,  608. 
Venus'  Looking-glass,  657. 
Veratrum,  515,  557. 
Verbascnm,  644. 
Verbena,  643. 
Verbenaceea,  575,  643. 
Vernal  grass,  548. 
Veronica,  506,  644  (Figs. 

444,  446). 
Verrucaria,  320. 
VerrucariesB,  321,  323. 
Vervain,  643. 
Vetch,  637. 
Viburnum,  669. 
Vicia,  511  (Fig,  327),  571 

(Fig.  374).  637. 
ViciesB,  637. 
Victoria,  594. 
Vidalia.  272. 
Villarsia,  651. 
Vinca,  509  (Fig.  324),  526, 

651. 
Viola,  517,  606  (Fig.  409). 
ViolacesB,  524,  673,  606. 
Violet,  606. 
Viper's  Bugloss,  650. 
Virgilia,  686. 
Virginian  Creeper,  619. 
Viscaria,  503  (Fig.  317). 
Viscum,    515,    690    (Fig. 

896). 
Vitex,  643. 

Vitis,  526,  619  (Fig.  422). 
Vittaria,  401. 


Voitia,  868. 
Voitiaces,  368. 
Volvaria,  817. 
VolvocacesB,  237. 
Volvocoidese.  236,  237. 
Volvox,  238  (Fig.  168). 

Wahlenbergia,  657. 
Wall-flower,  604. 
Wall  Pellitory,  577. 
Wall-Rue,  405. 
Walnut,  584. 
Water-Cbeatnut,  630. 
Water-cress,  604. 
Water  Crowfoot,  592. 
Water-Hemlock,  626. 
Water-Lily,  594. 
Water  Lobelia,  658. 
Water  Melon,  628. 
Water-Milfoil,  630. 
Water-Pepper,  609. 
Water  Plantain,  554. 
Water-Purslane.  631. 
Water-Soldier,  560. 
Water- Violet,  654. 
Waterwort.  609. 
Watsonia,  669. 
Watsonif  8B,  669. 
Waxflower,  652. 
Webera,  870. 
Weeping  Willow,  585. 
Weigelia,  660. 
Weisia,  370. 
WeisiacesB,  370. 
Wellingtonia,  485. 
Welwitsohia,  463,  488. 
Weymouth  Pine,  485. 
Wheat,  536  (Fig.  846),  546 

(Fig.  355). 
Whin.  636. 
White  Beam,  635. 
White  Poplar,  5b5. 
White  Spruce,  484. 
White  Thorn,  634. 
Whitlow-grass,  605. 
Whortleberry.  666. 
Wild  Balfam,  614. 
Wild  Garlic,  558. 
Wild  Gate,  549. 
Wild  Parsnip,  626. 
Wild  Plum,  633. 
Wild  Rosemary,  665. 
Wild  Sage,  6j3. 
Willow,  586. 
Willow  Herb,  629. 
Winter  Aconite,  593. 
Winter  Cherry.  649. 
Winter-green.  655. 
Wistaria,  687. 
Witch-hazel.  641. 
Woad.  605. 
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Wolffia,  5il. 
Wolfsbane,  698. 
Wood  Germander,  618. 
Wood  Lily,  569. 
WoodruflF,  658. 
Woodsia,  891,  406. 
Wood-sorrel,  613. 
Woody  Nightshade,  649. 
Wormwood,  664. 
Woundwort,  648. 
WrangeUa,  271,272. 
Wych  Elm,  679. 

Xanthorma,  668. 
Xenodoohns,  807. 
Xiphion,  669. 
Xylaria,  276,  801. 
XylophyUa,  622. 
XyridaceaB,  688,  666. 


Xyris,  656. 

Yam,  660. 

Yarrow,  664. 

Yeast,  278,  800  (Fig.  210). 

Yellow  Fhig,  569. 

Yellow  Loosestrife,  654. 

Yellow    Monkey-flower, 

644. 
Yellow  Booket,  604. 
Yellow  Welsh  Poppy,  601. 
Yew,  487. 
Yucca,  586,  568. 

Zamia,  481. 
Zanardinia,  257,  261. 
Zanuichellia,  558. 
ZannicbellieiB,  558. 
Zantedeschia,  541. 


ZanthozylesB,  614. 
Zauthoxylum,  614. 
Zea,  516.536  ( Fig.  347),  547. 
Zephyrauthes,  567. 
Zingiber,  662. 
ZiugiberacesB,  688,  562. 
ZingiberesB,  562. 
Zmnia,  664. 
Zonaria,  268. 
Zostera,  616, 653. 
ZosteresB,  558. 
Zygnema,  215  (Fig.  174). 
ZygnemesQ,  244. 
Zygodon.  370. 
Zygogonium,  216. 
Zygomycetes,    275,    280, 

285. 
ZygophylhicesB,  503,  574, 

614. 


PABT  XL—MORPHOLOGY,  ANATOMY,  AND  PHYSIOLOGY. 


Abietio  anhydride,  709. 
Absorption.  667,  668,  692. 

law  of,  693. 

of  gases,  696. 

of  liquids,  693. 
Accumbeut,  604. 
Aoheue,  530. 
Achlamydeous,  512. 
Acicular,  463. 
Acids,  organic.  708,  728. 
Acrocarpous,  856. 
Acropetal  development  of  members, 

23,  45,  52,  62,  497. 
Acropetal  development  of  tissue,  177. 
Acrotonous.  664. 
Actinomorphio  symmetry,  507. 
Acuminate,  54. 
Acute,  64. 

Acyclic  flower,  496  (Fig.  311),  692. 
Adhesion,  36,  518. 
Adnate,  516. 
Adventitious  members,  19, 21, 189, 223, 

896. 
^cidiospore,  305. 
^cidium.  276,  308  (Fig.  214). 
Aerial  roots,  63,  158,  209,  682. 
Estivation,  59. 
Agamogenic,  771. 
Air-bladders,  266. 
Air-cavity,  166  (Fig.  120),  165. 
Air-chamber,  130,  165,  338  (Fig.  241). 
AlsB.  617  (Fig.  419),  635  (Fig.  435). 
Albuminates,  707. 
Albumins,  707. 
Albuminous  seed,  458. 


Albumoses,  707. 

Alburnum.  199,  677. 

Aleuron,  112  (Figs.  68,  69),  459,  707, 

727. 
Aldehydes,  708. 
Alkaloids,  707.  728. 
Allylic  isothiocyanate,  709. 
Alternation    of    generations,   3,  217, 

220,  230,  289,  324,  872,  431. 
Aluminium,  710. 
Ambisporangiate  flower,  77,  482,  494, 

516. 
Amentum,  498,  679. 
Amides,  707,  720,  726,  727. 
Ammonia,  712,  721. 
Amoeboid  movement,  69,  283. 

stage,  283. 
Amphigastria,  64,  334. 
Amphithecium,  189,  331  (Fig.  239), 

360. 
Amplexicaul,  47. 
Amygdalin.  708.  724. 
Am}  lin,  708. 
Amylolytic  enzyme,  724. 
Amyloplastic,  98. 
Amyloses,  708. 
Anabolism,  667,  669,  716. 
Anaerobia,  723. 
Analogous,  2. 
Anatomy,  89. 

Anatropous  ovule,  437  (Fig.  284). 
AndroBoium,  494,  616. 
Androgynous,  388. 
Androphyte,  8. 
Androspore,  249. 
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AnemopbilouB,  458,  471. 
AngiocarpoQs  gonidiophore,  312. 
Angustiseptal  silicala,  604  (Fig.  407). 
Annual  plants,  461. 

rings,  197  (Fig.  149),  207. 
shoots,  d9. 
Annnlar  vessels,  104  (Fig.  58). 
Annolus.  810  (Fig.  222),  868  (Fig.  251), 

898  (Fig.  258). 
Anterior,  499. 
Anthela,  498. 

Anther,  482  (Fig.  281),  616. 
Antheridial  cell,  448  (Fig.  289). 
Antheridiophore,  84,  387,  863,  876. 
Antheridiam,  8,  83, 189 ;  229, 285,  288 

(Figs.  168, 169),  248  (Figs.  178, 

179),  258  (Fig.  181),  266  (Fig. 

191).  268  (Figs.  194.  195)  :  826 

(Figs.  233,  234) :  376  (Fig.  266), 

418  (Fig.  270) :  450. 
Anthooyanin,  114. 
Anthophore,  494,  599  (Fig.  403). 
Anticlinal,  145. 
Antipetnlous,  498. 
Antipodal  cells.  451  (Fig.  292). 
Aotisepaloas,  498. 
Apex,  7, 17. 
Apical  cell,  18  (Figs.  7,  8),  147  (Figs. 

112. 118,  114). 
Aplanogamete,  225,  256,  291. 
Apocarpous,  521,  529  (Fig.  840). 
Apogamy,  87,  878,  768,  772. 
Apophysis  of  Moss-oapsale,  861. 

of  Pinus,  485. 
Apospory,  87,  363,  878,  768.  772. 
Apostrophe,  686  (Fig.  469). 
Apothecium,  299. 
Apposition,  growth  by.  762. 
Aqueous  tissue,  161,  164. 
Archegoniophore.  84,  387  (Fig.  240), 

863,  376,  402.  414. 
-  Archegoniam,3,88.2l8;826(Fig.285); 

376.  400  (Fig.  267),  415  (Fig. 

270) ;  452,  476  (Figs.  801,  802).  A 
Archesporium,  73,  189,  331,  860,  893,/ 

438,  437. 
Archicarp,  88,  220,  276,  296  (Fig.  207). 
Aril  (or  arUlns),  459,  470,  437  (Fig. 

308).  594,  596  (Fig.  401),  621. 
Arillode,  459,  618. 
Arista,  546. 

Arrangement  of  lateral  members,  28. 
Ascidium,  57  (Fig.  87),  607  (Fig.  410), 

690. 
Ascocarp,  75.  88,  275,  294  (Figs.  206, 

209,  211). 
Ascogenous  hypbs.  299  (Fig.  211). 
Ascogonium,  277,  296  (Figs.  208,  211). 
Ascospore,  278,  298  (Figs.  209,  211). 
Ascus,  88,  278,  298   (Figs.  206,  209, 

211). 


{. 


•> 


Asexual  formation  of  spores,  69,  769. 

reproductive  cells,  2,  68. 

reproductive  organs,  70. 
Ash,  694,  709. 
Asparagin,  707.  724,  727. 
Assimilation,  667,  674,  716. 
Asymmetry,  18,  512  (Fig.  328). 
Auricula,  847  (Fig.  245). 
Attriculate,  48  (Fig.  29). 
Autcecious,  807. 
Automatism,  667,  670. 
Autumn-wood,  198  (Fig.  160). 
Auxospore,  258. 
Awn,  461,  546  (Fig.  855),  612. 
Axial  cylinder,  171,  682, 
Axial  placentation,  525. 
Axil,  81. 

Axillary  branching,  81. 
Axile  placentation,  524  (Fig.  838) 
Axis,  7,  23,  27  (Fig.  15). 
Azygospore,  246,  238,  290,  771. 


Bacca,  582. 

Bacterioids,  718. 

Balsam,  1.S8. 

Bark.  211  (Fig.  156). 

Basal  waU,  16,  829,  840,  860,  372,  383, 

897,  419,  424,  429,  442. 
Base,  7. 
Basidiogonidium.  278,  812  (Figs.  219, 

220  223). 
Basidium,  811  (Figs.  219,  220.  223). 
Basifixed  anther,  516. 
Basipetal  development,  28. 
Basitonous,  564. 
Bast,  170  (Fig.  188),  181. 199. 

hard,  199. 

soft,  199. 
Bastard,  457. 

Bast-fibres,  188, 181, 199  (Fig.  148). 
Benzoic  aldehyde,  709. 
Berry,  582. 

Biciliate  cells,  102,  826,  880. 
Biennial  plants,  462. 
Bifurcation,  88. 
Bijugate,  52,  407. 
Bilabiate,  511,  641. 
Bilateral  symmetry,  8. 
Bilocular  anther,  519. 
Bi pinnate,  52. 
Biseriate  perianth,  512. 
Bisexual,  87. 
Bitemate,  58. 
Blade  of  leaf,  45,  49. 
Bleeding,  701. 
Bloom  on  plants,  166. 
Body,  1,  89. 

septate   or   nnseptate,    89,   320, 
222,  273. 
Bordered  pits,  104  (Figs.  62,  68),  129 
(Fig.  88),  204. 
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Boetrjolioid  dichotomy,  88  (Fig.  18). 
Bostiyz,  86,  492. 
Bract,  69,  79,  493. 

fanction  of,  691. 
Braoteole,  79.  493. 
Branches,  adventitions,  21, 190,  845. 

deyelopment  of,  184,  186. 
Branching.  5. 

axillary,  31. 

diohotomons,  19  (Fig.  8),  33. 

extra-axillary,  31. 

lateral,  19,  34. 

of  leaf,  51.  186. 

of  root,  62,  186  (Fig.  142). 

of  shoot,  31, 181. 
Branch-systems,  32  (Figs.  18, 19,  20). 
Bromine,  716. 
Bud,  20  (Fig.  9),  31,  59. 

adventitious,  190. 
Budding,  767. 
Bud-scales,  20.  59. 
Bulb,  40  (Fig.  22),  68. 
Bulbil,  40,  68,  254,  355.  425. 
Bundle,  vascular,  170. 

bicollateral,  175. 

oauline,  171. 

closed,  177. 

collateral,  174. 

common,  171. 

concentric,  173,  175  (Fig.  134). 

conjoint,  170. 

cortical,  173. 

medullary,  173. 

open,  177. 

phloem-,  187, 173, 176. 

xylem-,  175. 

longitudinal  course  of,  171. 

structure  of,  180. 

termination  of,  183. 
Bundle-sheath  (endodermis),  182  (Fig. 

139). 
Bursicula,  565. 

Calcium,  714. 

carbonate,  103,  729. 

oxalate.  108  (Fig.  65),  113  (Fiffs. 

71.  72) :  primary  and  secondary, 

729 
Callus,  21,'  190,  214  (Fig.  158). 

of  sieve-tubes,  136  (Figs.  97,  99). 
Calyculus  (epicalyx),  496. 
Calyptra.  88,  323  (Fig.  237),  333,  862, 

364  (Fig.  248),  871  (Fig.  254), 

426. 
Calyx,  79, 494. 
Cambium,  177,    181    (Fig.  189),   191 

(Figs.  143,  145),  194,  198  (Fig. 

149),  202. 
Cambium-ring,  191  (Fig.  144),  200, 204. 
Campanulate,  514. 
Campylotropous  ovule,  487  (Fig.  234). 


Cane-sugar,  708,  724,  727. 
Caoutchouc,  709. 
Capillitium,  284  (Fig.  198),  319. 
Capitate  hairs,  64. 
Capitulate  raceme,  491. 
Capitulum  of  Charoidete,  252. 

inflorescence,  490  (Fig.  309),  661 

(Fig.  466). 
Capsule   of  Bryophyta,  71,  829,  834, 

860  (Figa.  248-254). 
Capsule,  a  fruit,  531  (Figs.  342,  813). 
Carbohydrates,  708,  727. 
Carbon,  710. 

Carbonaceous  food,  278. ' 
Carbon  dioxide,  absorption  of.  710, 716. 

evolution  of,  725,  726,  728. 
Carcerule,  530,532.  611  (Fig.  413). 
Carina,  635  (Fig.  435). 
Carinal  cavity,  153,  418  (Fig.  278). 
Carnivorous  plants,  689,  710,  729. 
Carpel.  78,  432,  468,  521. 
Carpellary  flower,  432,  515. 
Carpogamy,  225,  275. 
Carpogonium,  228,  268  (Fig.  194). 
Carpophore,  523  (Fig.  811). 
Carposporangium,  88,  230,  269  (Figs. 

194,  196). 
Carpospore,  69,  229,  267,  271. 
Caruncle,  460,  621. 
Caryopsis,  530,  515. 
CataboUsm,  667,  669,  721. 
Cataphyllary  leaves  (Cataphylls),  68, 

373  417  691. 
Catkin,  498,  58*1  (Figs.  384-389). 
Caudicle,  564. 
Caulicle,  412. 
Cauline  vaHCular  bundles,  171, 206, 688. 

SCell,  4,  89,  93  (Fig.  46). 
Cell-contents,  108. 
Cell-division,  119  (Fig.  78). 
Cell-formation,  114  (Figs.  74-85). 
^Cell-plate,  123  (Figs.  81-83). 
CCellsap,  98,  113. 
TCell-wall,  90,  93, 103.  105. 
\      growth  of,  103,  762. 
Cellular  structure,  90. 
CeUnlose,  93,  103,  106,  708,  727. 
^  Centrosoroe,  97. 
Centrosphere,  95,  97  (Fig.  49). 
Chalaza,  436  (Fig.  284).  528. 
Chalazogamic  fertilisation,  529. 
Chalk.glands,  137  (Fig.  100),  730. 
Chambered  fibres,  133. 
,  ovary,  522  (Fig.  336). 

t  Chemical  composition  of  plants.  706. 
Chemical  efifects  of  light,  673,  717. 
Chemiotaxis,  755,  774. 
Chlamydogonidium,  274,  289,  313. 
Chlorine,  713. 
Chlorophyll,  97. 
•corpuscle,  100. 
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Chlorophyll,  development  of,  673. 

foDctioo  of,  717. 

•spectrum  of,  717. 
ChloroplasUds.  97  (Figs.  50,  52,  58). 

functions  of,  98. 

movemeots  of,  686  (Fig.  469). 
GhloroplastiD,  97. 
Chlorotic,  713. 
Chromatin,  96. 

Chromatophore,  97  (Fig'.  54,  55). 
Chromoplastid,  97,  101  (Fig.  56). 
Chromosomes,  119,  771,  781. 
Cincinnal  dichotomy,  33. 
Cincinnus,  36,  492. 
CUium,  69,  102,  115  (Figs.  74.  75), 

736. 
Circinate  vernation,  60, 390,  480,  742. 
Circulation  of  protoplasm,  783. 
Citric  acid,  708. 
Classification,  216. 
Claw,  514  (Fig.  380). 
Cleistogamous  flowers,  453,  607,  618. 
Cleistothecium,  299  (Fig.  209). 
Climbing  plants,  43,  686,  743,  759. 
Clinostat,  762,  760. 
Closed  vascular  bundles,  177. 
Cobalt,  710. 
Coccus,  529,  611,  621. 
Coenobium,  92,  222,  243. 
Coenocyte,  69,  90,  99  (Fig.  53),  142. 
Cohesion,  36  (F  g.  21),  514,  518,  521. 
Coleoptile,  636  (Fig.  346). 
Coleorbiza,  446.  636  (Fig.  846). 
Collateral  vascular  bundles,  178  (Fig. 

133). 
Collenchyma,  132  (Fig.  91),  160. 
Colleter,  144,  691. 
Colony,  222. 
Colouring-matters,  708. 
Columella,  284,  331,  361   (Figs.  251, 

253). 
Column.  495. 

Combined  effects  of  stimuli,  757. 
Common  bundles,  171,  206. 
Companion-cell,  137  (Fig.  97),  679. 
Compabs-plants,  749. 
Compound  inflorescences,  490,  492. 
Compound  leaves,  52. 
Concentric  arrangement  of  bundles, 

175  (Fig.  184). 
Conoeptacle,  85,  264,  (Figs.  189,  190). 
Conditions  of  movement.  760. 
Conducting  tif'sue  of  style,  528. 

•sheath,  705. 
Conduplioate  vernation.  60,  407,  742. 
Cone,  77,    417,   422,   427.    467,   482 

(Figs.  304,  306). 
CoDical  root,  63. 
Coniferin,  708. 
Coniin,  7U7. 
Conjoint  bundle,  170. 


Conjugation,  80,  118  (Fig.  76),  287 

(Fig.  167),  244  (Fig.  173).  216 

(Fig.  175). 
Conjunctive  tissue,  161,  166,  200. 
Connate,  48  (Fig.  29). 
Connective,  516. 
Contact-stimuli,  742. 
Contorted  vernation,  60. 
Contractile  vacuoles,  736. 
Contraction  of  protoplasm,  764. 
Convolute  vernation,  60,  742. 
Copper,  716. 
Cordate,  54. 
Cork,  210  (Fig.  156). 
Conn,  40,  68. 
Cormophyte,  5. 
Corolla,  79,  494. 
Corona,  66,  515. 

of  Characee,  252. 
Cortex,  169,  207,  218. 
Corymb,  493. 
CostsB,  624. 
Cotyledon,  16,  45,  57,  872,  444  (Figs. 

286,  287).  476  (Fig.  300),  683. 

570  (Fig.  874). 
Grenate,  64. 
Cross-fertilisation.  774. 
Cross- pollination,  458. 
Cruciate  tetragonidia,  267. 
Crystalloids,  111  (Fig.  68),  707. 
Crystals,  108  (Fig.  66),  118  (Figs.  71. 

72). 
Culm,  44. 
Cupule,  66,  828.  837  (Fig.  240),  840, 

860. 
of  Phanerogams.  528,  583  (Figs. 

887,  888). 
Cuticle,  166. 

Cuticularisation  of  oell-wall.  106,  132. 
Cutin,  106. 
Cyathium,  622. 
Cycle,  26. 
Cyclic  flower,  496. 
C3closi8,  251,  732. 
Cyme,  492. 

heUcoid,  86,  492. 
Bcorpioid,  36,  492. 
Cymose  branching,  84  (Fig.  19). 

inflorescence.  492. 
Cypsela,  530. 
Cystidium,  312  (Fig.  223). 
Cystooarp,  75,  b8,  226,  267  (Fig.  194). 
CystoUth,  108  (Fig.  66),  577.  729. 
C>  to-hyaloplasm,  95. 
,  ^Cytoplasm,  95, 117. 
Cytoplastin,  95. 

DaUy  periodicity  of  growth,  745  (Fig. 

480). 
Day-position,  689. 
Deciduous.  22. 
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Becassate  arrangement  of  leaTes,  25. 
Deferred  shoots,  32. 
De6mte  iufloresceuoes,  492. 
Detinitive  nucleus,  451. 
Dehiscence  of  anther,  520. 

of  fraitu,  6»1. 

of  sporangium,  74. 
Dehiscent  fruits,  460,  581. 
Dentate,  54. 

Dermatogen,  146  (Fig.  110),  149,  154. 
Desmogeo,  primary,  151,  176. 

secondary,  202,  203  (Fig.  153). 
Development  of  body,  13. 

of  branches  of  roots,  186. 

of  leaves,  185. 

of  secondary  members,  184. 

of  hairs,  188. 

of  emergences,  188. 

of  reproductive  organs,  188. 

of  adventitious  members,  189. 
Dextrin,  708,  724. 
Dextrose,  724. 
Diadelphous,  518. 
Diageotropism,  685,  688,  751. 
Diagonal  plane  of  flower,  499. 
Diagram,  floral,  498. 
Diabeliotropism,  685,  688,  748. 
Diaphragm,  414,  430. 
Diarch  stelp,  179,  386,  428. 
Diastase,  724. 
Diastole,  736. 
Dichasial  cyme,  492. 
Dichasium,  35  (Pig.  20),  492. 
Dichlamydeous,  512. 
Dichogamy,  454. 
Dichotomy,  19  (Fig.  8),  33  (Fig.  18), 

184  (Fig.  140). 
Diclinous,  87,  325,  358. 
Dicydic,  601. 
Didynamous,  518. 
Differentiation  of  tissues,  92, 175, 177, 

202. 
Digestive  sac,  188. 
Digitate,  381. 
Dimorphic  plant,  3. 
Dimorphism,  455. 
Dicecious,  86,  325. 
Diplotegium,  531. 
Diplostemouous,  501. 
Directive  effect  of  light,  674,  747  (Fig. 
481). 

of  gravity,  751. 
Disc,  526. 

Dissected  leaves,  54. 
Disbemiuation  of  seed,  460. 
Dissepiment,  522. 

false  or  spurious,  522,  603. 
Dissimilar  secondary  members,  31. 
Dissipation  of  energy,  731. 
Distichous  arrangement,  29  (Fig.  16). 
Distractile  anther,  517  (Fig.  381). 


Distribution  of  water  and  other  sub- 
stances, 700. 
of  organic  plastic  suhstances,  705. 
Diurnal  and  nocturnal  positions,  689 


(Figs,  470,  471). 

air 


Diurnal  sleep  of  leaves,  689. 

Divergence,  24. 

Dormant  buds,  32. 

Dorsal  suture,  521. 

Dorsifized  anther,  517  (Fipr.  331. 

Dorsi ventral  arrangement,  29  (Fig.  17). 

Dorsiventrality,  9  (Fig.  2),  11  (Fig.  3), 

13,  510  (Figs.  326,  327). 
Druble  flowers,  502. 
Drepanium,  36,  492. 
Drupe,  532  (Fig.  344). 
Drupel,  532. 
Duct,  139. 
Duplication,  501. 
Duramen,  199,  677. 
Dwarf-males,  249  (Fig.  178). 
Dwarf  shoots,  39. 

Ectoplasm,  95. 

^gg-ftPParatus,  451  (Fig.  292). 

Elater,  74,  831,  418. 

Eleoientary  constituents  of  the  food 
of  plants,  710. 

Eleutheropetalous,  514. 

Eleutheropbyllous,  514. 

Eleutherosepalous,  514. 

Emarginate,  54. 

Embryo,  13. 

Embryo-cell,  441. 

Embryogeny,  13. 

heteroblastic,  14,  254,  271. 
holoblastic,  13,  441. 
homoblastic,  13. 
meroblastio,  13,  254,  441,  471. 
of  Bryophyta,  329,  334,  360 ;  of 
CharoidesB,  254  (Fig.  182):  of 
Gymuosperms,  471  (Figs.  298, 
299):     of     Phanerogams,    440 
(Dicotyledons,  Fig.  286 ;  Mono- 
cotyledons, Fig.  287) :  of  Pteri- 
dophyta,  372,  397   (Figs.  262, 
263,  264),  412,  423  (Figs.  276, 
276),  429. 

Embryonal  tubes,  472  (Fig.  299). 

Embryonic  branches,  68,  255. 

Embryo-sac,  70, 438(Figs.285,291,292). 

Emergences.  64,  66, 188. 

Emulsin,  724. 

Enantioblastio,  552. 

Endocarp,  460,  529  (Fig.  344). 

Endodermis,  132,  152,  159,  165  (Fig. 
127).  166  (Figs.  128,  129),  678, 

Endogenous  development,  21, 186, 345. 

Endoperidium,  318. 

Endophytic,  233. 

Endopleura,  459. 
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Endoiperm,  450  (Fig.  291),  451. 

rumiDated,  595,  597. 
Endospore,  69,  117,  300. 
Endotbeoiam,  189,  331,  360. 
Energid.  90,  94, 122. 
Energy,  of  growth,  739. 

absorption  of,  717,  730. 

dissipation  of,  731. 

expenditure  of,  730. 

kinetic,  671.  717,  730. 

potential,  718,  731. 

supply  of,  730. 
Ensiform,  49,  536. 
Entire,  51,  54. 
Entomophilous,  451. 
Enzyme,  669,  722.  724. 
Epibasal  cell.  15.  329,  372. 
Epiblast,  534  (Fig.  346). 
Epiblema,  154,  682. 
Epicalyx,  79,  494,  591. 
Epicarp,  529  (Fig.  344). 
Epicotyl,  446. 
Epidermis,  132  (Pig.  91),  146  (Fig.  109), 

149,  154. 
Epigean  cotyledons,  446. 
Epigynous,  495  (Fig.  310). 
Epinasty.  60,  742  (Fig.  479). 
Epipetalons,  518. 
Epipbragm,  369. 
Epiphyllons,  518. 
Epiplasm,  299,  300,  410. 
Epipodium,  45,  49.  - 
Episporium  (Episoore),  292,  410. 
Epiatrophe,  686  (Fig.  469). 
Equitant,  60. 

Erect  ovule,  525  (Fig.  338). 
ErythrophyU,  114. 
Etierio,  532. 

Etiolated  plants,  674,  744. 
Etiolin,  673. 
Eucarpic.  286. 
Encyclic,  500. 
Eugenol,  709. 
Eusporangiate,  73,  375. 
Evolution    of    oxygen    from    water- 

plante,  718  (Fig.  475). 
Exalbuminous  seea,  453. 
Excipulum,  320. 
Excreted  waste  products,  728. 
Excretion,  730. 
Exine,  69,  117,  418. 
Exodermis,  160. 
Exogenous  development,  20. 
Exoperidiura,  318. 
Exospore,  69.  117,  300.  365. 
Expansion  of  protoplasm,  764. 
Exstipulate,  47. 
External  conditions,  671. 
Extra-axillary  branching,  81. 
Extra-floral  nectaries,  138.  679. 
Extra-seminal  development,  440,  446. 


Extra-stelar  tissue,  146, 159,  207. 
Extrorse,  5'20. 
Eye-spot,  102. 

False  dichotomy,  35  (Fig.  20),  184. 

foot,  331,  350,  362. 

fruits,  458,  528. 
Fascicle,  493. 
Fascicular  cambium,  191. 
Fats,  111.  708,  727. 
Fat-enzyme,  724. 
Feeder,  14,  430. 
Female  organ,  88. 

pronucleus,  458. 
Ferment,  organised,  723. 

unorganised,  669,  722,  7*24. 
Fermentation,  alcoholic,  282, 800, 723. 

butyric,  2S2. 

lactic.  282. 
Ferrobacteria.  719.  781. 
FertUisation,  80,  225,  457,  527. 
Fibres,  132. 

chambered,  138. 

woody,  196. 
Fibrous  cells,  133,  196. 

root,  63. 
Fibro  vascular  bundle,  170. 
Filament,  432,  516. 
Filiform  apparatus,  452. 
Filtration  under  pressure,  669,  701. 
Fixed  light  position,  688. 

oUs,  708. 
Flagellum,  345. 
Flanks,  9. 
Floral  diagram,  498. 

formula,  500. 

leaves,  59,  494,  691. 
Flower,  42,  76,  431,  467.  494. 

accessory  organs  of,  526. 

ambisporangiate,  77,  515. 

irregular,  510. 

macrosporangiate,  77,  515. 

microsporangiate,  77,  515. 

monosporangiate.  77,  515. 

opening  and  dosing  of,  744. 

regular,  507. 

reproductive  organs  of,  515. 

symmetry  of,  507. 

phyllotaxy  of,  496. 
Fluorine,  710. 

Foliage-leaves.  56, 162  (Fig.  12 
Follicle,  531. 
Food-bodies,  679. 
Food  of  plants,  710. 
Foot,  14,  830  (Fig.  289),  872  (Fig. 

264). 
Form  of  leaves,  56. 

root,  63. 

stems,  44. 
Forms  of  tissue,  181. 
Formation  of  chlorophyll,  678. 
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Formation  of  tissae  in  oonseqaence  of 

injury,  213. 
Formative  region,  738. 
Fovea,  384  (Fig.  256). 
Foveola,  384. 

Fragmentation  of  nnclens,  96  (Fig.  48). 
Free  cell-formation,  119. 
Freezing,  eflfects  of,  672  (Fig.  467). 
Fruit,  88,  458,  479,  528,  776. 

dehiscence  of,  531. 

dry  dehiscent,  531. 

dry  indehiscent,  529. 

succnient,  582. 
Frustule,  258  (Fig.  184). 
Function  of  chlorophyll,  717. 
Functions  of  the  members,  680. 

of  plants,  666. 

of  the  tissues,  674. 
Fundamental  tissue,  144, 159. 
Funicle,  72,  437. 
Funiculus,  318. 
Fusiform  root,  68. 

Galeate,  641. 

Qallotannin,  708. 

Gametangium,  80,  83,  227,  260  (Fig. 

C186),  276. 
Gametes,  2,  80,  225. 
Gametophore,  80,  85  (Fig.  44),  325, 

834,  387  (Fig.  240),  863,  382, 

401. 
Gametophyll,  80,  85,  260  (Fig.  186). 
Gametophyte,  2,  69, 171, 217,  220, 279, 

324,  375,  447. 
Gamodesmic,  170. 
Gamogenic,  770. 
Gamopetalous,  514. 
Gamophyllous,  514. 
Gamosepalous,  514. 
Gamostelic,  152. 
Gemmae,  12  (Fig.  4),  67.  274,  840,  378, 

426,  761. 
Gemmation,  67,  125,  274,  289. 
Generations,  alternation  of,  3,  217. 
Genetic  spiral,  26  (Fig.  15). 
Generative  ceil,  448  (Fig.  289),  477. 
Genus,  218. 

Geotropism,  751  (Fig.  482). 
negative,  685,  752. 
^        positive,  682.  752. 
^OMynation  of  seed,  441. 
n|^^^137,  140  (Fig.  101). 
GlllSkr  hairs,  143  (Fig.  108). 
GlanduUr  tissue,  187,  679. 
Ghins,  530. 
Gleba,  817. 

Globoid,  111  (Fig.  68). 
Globulin,  112,  707. 
Glochidia,  410. 
Glomernle,  498. 
Glucoses,  708. 


Glucoside,  708. 

Glucoside-enzyme,  724. 

Glume,  493,  545  (Figs.  354,  855). 

Glycerin,  724. 

Glycogen,  299. 

Gonidangium.70, 122(Fig.79),230,277. 

Gonidiophore,  75.  278,  310. 

Gonidium,  3,  69,  75,  220,  229,  277. 

Gonophore,  494,  627. 

Graft-hybrids,  768,  777. 

Grafting,  767. 

Grand  period  of  growth,  738. 

Grape-sugar,  724,  727. 

Ground-tissue,  144,  159. 

Growing-point,  16,  20  (Figs.  8,  9),  146 

(Fig.  110),  150  (Fig.  115). 
Growth,  16,  737. 

in  length,  787. 

in  thickness  of  cell-wall,  103. 

in  thickness  of  stem  and  root,  191. 

of  cell- wall,  103. 

of  leaf,  46. 

of  starch-grains,  109. 

sliding,  203. 
Guard-cells  of  stomata,  156  (Fig.  119), 

698. 
Gum,  138,  708. 
Gum-iesin-ducts,  138. 
Gutta-percha,  709. 
Gymnocarpous  gonidiophore,  812. 
Gynandrosporous,  249. 
Gynandrous,  518,  563. 
Gynieceum,  494,  521. 
Gynobasic  style,  523,  642. 
Gynophore,  495.  605  (Fig.  408),  627. 
Gynophyte,  3. 

Gynostemium,    457  (Fig.  294),  495, 
563,  692. 

Hairs,  23,  64  (Fig.  40),  143  (Fig.  108), 
169  (Fig.  122).  188. 

internal,  133. 
Hapteron,  66,  223. 
Hastate,  54. 
Haulm,  44. 

Haustorium,  66, 188,  274,  711. 
Heart-wood,  199. 
Heat,  influence  of,  671. 

production  of,  731  (Fig.  476). 
Helicoid  cyme,  36,  492. 

dichotomy,  33  (Fig.  18). 
Heliotropism,  674,  747. 

negative,  682. 

positive,  685. 
Hemiangiocarpous,  312. 
Hemicyclic,  496. 
Heredity,  777. 

Hermaphrodite,  87,  432,  515. 
Heteroblastic  embryogeny,  13  (Fig.  5), 

255  (Fig.  183),  263,  271,  324. 
HeterochlamydeouB,  512. 
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Heterodinoas,  858. 
Heterocyolio,  600. 
Heterooyst,  232  (Fig.  164). 
HeteroBcism,  804. 
Hdterogamj,  80,  225,  275. 
Heteromeroas  licheo-tballat,  821. 

floral  whorls.  500. 
Heterophylly,  67,  890,  427.  468.  486 

(Fig.  306). 
Heterosporoas,  70,  875,  880,  481« 
Heterostylism,  455. 
(Hilom,  437. 
Histological  differentiation,  92. 
Histology,  89. 

of  GymnospermsB,  464. 

of  Phanerogam  la,  440. 

of  Pteridophyta,   374,   896,  412, 
418.  422,  426,  428. 

of  the  development  of  secondary 
members,  184. 
Holoblastic  embryogeny,  18,  441. 
Holooarpic,  236.  290. 
HomoblaRtio  embryogany,  18. 
Homochlamjdeous,  612. 
HomoiomeroQS  lichen -thallus,  821. 
Homologv,  1. 

Homosporous,  70,  875,  880. 
Hook-elimbers,  685 
Honnogoniam,  232  (Fig.  165). 
Host,  711. 
Hamas,  710. 
Hybrid,  457.  775. 
Hybridisation,  467,  775, 
Hydrogen,  710,  712. 
Hydrotropism,  po*«itive,  683. 
Hymeuial  layer.  299,  310. 
Hymenophore.  310, 316  (Figs.  221, 222). 
Hymenium,  310  (Figs.  219.  228). 
Hypha.  92,  273. 
Hypobasal  cell,  15,  329.  872. 
Hypocotyl,  446. 
Hypoderma,  160. 
Hypogean  cotyledons,  446. 
Hypogynous,  496  (Fig.  810). 
Hyponasty,  60,  742. 
Hypophysis,  444. 
Hypopodiam,  45. 
Hypsophylls.  59,  76,  431. 
Hypsophyllary  leaves,  67  (Fig.  86),  59, 
76,  691. 

Ice,  formation  of,  672  (Fig.  467). 

Id,  782. 

Imbibition  theory,  704. 

Imparipinnate,  62  (Fig.  32). 

Incubous  leaves,  346  (Fig.  245). 

Incumbent,  604. 

Indefinite  inflorescences,  490. 

lodehiscent  fruits,  460. 

Indigo,  708. 

Induced  movements.  742. 


Indasiom,  72  874,891. 

inferum.  891. 

laterale,  391. 

snperum,  391. 
Inferior  ovary,  495. 
Inflorescence,  76,  431.  490. 
Infandibnliform.  514. 
Initial  cells,  145. 
Innate,  516. 

Innovation,  89,  8  )6,  870. 
Innovation-shoot,  36.  43. 
Inorganic  ash  of  plants,  709. 
Inorganic  compounds.  706. 
Insertion  of  leaves.  21. 
Integument.  72. 
Intercalary  growing-point.  17  (Fig.  7). 

23  (Fig  10). 
Intercalary  growth,  223  (Fig.  169),  22i, 


(Fig.  160). 
cellular 


Intercellular  spaces,  130  (Fig.  89). 

lysigenons,  130. 

sohizogenous,  130. 

substance.  128. 
Interfascicular  cambium,  191. 

conjunctive  tissue,  166, 170. 
Interna^  hairs.  133. 
Inter  node,  21. 
Interruptedly  pinnate,  52. 
Interstitial  growth,  16. 
Intine,  69,  117,  434. 
Intra-semiual  developntient.  440. 
Intra-stelar  tissue.  161, 166. 
Introrse,  520. 
lutussnsception,  762. 
Inulin,  114  (Fig.  73),  703. 
Invert-enzyme,  724. 
Involucel,  491. 
Involucral  leaves,  857. 

scales,  83S. 
Involucre,  79.  326.  33S.  491  (Fig.  309). 

691. 
Iodine,  716. 
Iron,  713. 
Irregular   spontaneous   variations  in 

rate  of  growth,  789 
IrritabUity,  667,  670,  712,  755. 

conditions  of,  1^0, 

localisation  of,  755. 

to  differences  in  the  degree  of 
moisture  in  the  surrounding 
medium  (hydrotropism),  756. 

to  direction  of  incidence  of  the 
rays  of  light  (heliotropism),747. 

to  mechanical  stimuli,  742. 

to  the  directive  influence  of  gravity 
(geotropism).  761  (Fig.  482). 

to  variations  in  the  intensity  of 
ligl4,  744. 

to  variations  of  temperature,  743. 
Isobilateral  arrangement,  29. 

symmetry,  8,  608. 
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Iflooyelio,  500. 
Isogamy,  80,  225,  275. 
Isomerons,  500. 

Jaga  primaria,  624. 
Jaga  seonndaria,  625. 

Earyokinesis,  118. 

Kinetic  energy,  668,  730. 

Knight's  machine,  752  (Fig.  483). 

Kinoplasm,  95, 119. 

Einoplasmic  spindle,  119,   124  (Fig. 


LabeUnm,   456  (Fig.  294),   562,   56S 

(Fig.  870). 
Lievnlos^,  724. 
Lamella,  810  (Fig.  219). 
Lamina,  45,  49. 
olaie.  54. 
Int  period,  757. 
^ral  branching,  19,  84. 
ibuds,  20. 

iV  members,   development   of,    185 
4'      (Fig.  141). 
^F  plane  of  flower,  499. 
dtex,  141,  680. 

Laticiferoas    coenooyies    (cells),    142 
(Figs.  106,  107j. 

tissue,  functions  of,  680. 

vessels,  141  (Fig.  105). 
Latiseptal  silioula.  604  (Fig.  407). 
Law  of  absorption,  693. 

of  cambial  division,  193. 
Leaf,  5,  6,  45  (Figs.  27-81). 

apex  of,  54. 

-base,  45.  54. 

.blade,  45,  49. 

cataphyllary,  58. 

compound,  52. 

coriaceous,  56. 

epipodinro,  45,  49. 

fall  of,  28,  56. 

floral,  59. 

functions  of,  685. 

form  of,  56. 

herbaceous,  56. 

hypopodium,  45. 

margin  of,  54. 

hypsophyllary,  59. 

mesopodium,  45,  48. 

minute  structure  of,  168  (Fig.  125), 
164  (Fig.  126),  685. 

oblique.  49. 

outline  of.  54. 

phyllopodinm.  45. 

pitchered,  57  (Fig.  87),  607  (Fig. 
410),  640,  690. 

prefloration,  60. 

primordial,  45, 

-soar,  23. 


Leaf,  segmentation  of,  53  (Fig.  82). 

-spine,  58  (Fig.  88).  690. 

sporophyllary,  59,  70,  76. 

-stalk,  45. 

succulent,  56. 

-tendrils,  49  (Fig.  28),  58, 628, 646. 

-traces,  171. 

venation  of,  54. 

vernation  of,  59. 

-wing,  45. 
Leaflet,  52. 
Leafy  shoot.  5,  88. 

annual,  89. 

creeping,  42. 

dwarf-,  39. 
Legume,  531. 
Lenticels,  212  (Fig.  157). 
Leptosporangiate,  73,  875. 
Leucin,  707. 

Leucoplastid,  97,  98  (Fig.  51). 
Life-history,  2,  217,  230, 278, 824, 878, 

481. 
Light,  chemical  effects  of,  673. 

mechanical  effects  of,  674. 
Light-position,  688,  748,  759. 
Lignifioaiion  of  cell-wall,  107. 
Lignin,  107. 

Ligulate  corolla,  661  (Figs.  464,  466). 
Ligule,  48  (Fig.  28),  66. 884  (Fig.  256), 

427. 
Limb,  516  (Fig.  830). 
Linear,  54. 
Linin,  96. 
Linolein,  708. 
Lithium,  710,  716. 
Lobed,  52. 

Localisation  of  irritability,  755. 
Loculicidal.  531  (Fig.  843). 
Loculus,  522. 
Lodicule,  545. 
Lomentaceous,  531. 
Lomentum,  531. 
Longitudinal  axis,  7. 

section,  7. 
Lysigenous,  130,  138. 

Macrosporangiate  flower.  77,  482,  515. 
Macrosporangium,  71,  375,  438,  470, 

489,  524. 
Maerospore,  70,  875,  488,  521. 
Macrosporophyll,  78  375,  432,  521. 
Macrosporophyllary  flower,  78. 
Macrozoogonidium,  226. 
Magnesium,  714. 
M(de  organ,  83. 

pronucleus,  457. 

reproductive  cells,  81. 
Malic  acid.  708. 
Maltose,  708,  724,  727. 
Mannite,  708. 
Manubrium,  252  (Fig.  181). 
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Marginal  growing-point,  18. 
Massula,  of  Azolla,  410. 

of  Orchids,  564. 
Mastigopod-stage,  283. 
Mechanical  effectB  of  light,  673. 
M€ohanioal  work  of  movements,  765. 
Mechanism  of  the  moTements,  761. 
Median  plane  of  flower,  499. 
Medulla,  161. 169. 
Medullapr  bundles,  178. 

conjunctive  tissue,  166. 

phloem-bundles,  173. 

rays,  152,  167  (Fig.  180),  201 
(Fig.  162). 

sheath,  179. 
Members,  2,  5,  225  (Fig.  162). 
Mericarp,  629  (Fig.  341). 
Meristele,  153, 182. 
Meristem,  181,  145,  201. 
Meroblastio  embryogeny,  13,  441, 471. 
Hesocarp,  529  (Fig.  844). 
Mesophyll,  162,  685. 
Mesopodium,  45,  48. 
CMeiabolism,  667,  669,  706. 
Metallic  elements  of  food,  710« 
Metaxin,  97. 
Miorocy8ts,275,285. 
(;;Micropyle,436. 
Miorosporangiate  flower,  77,  482,  515. 
Microsporangiam.  71,  375,  408  (Fig. 

268),  433,  469,  489,  519. 
Microspore,  70,  375, 484. 
Microsporophyll,  78.  375,  432. 
Microsporophyllary  flower,  78. 
Microzoogonidium,  226. 
Middle  lamella,  129  (Fig.  87),  132. 
Midrib,  51. 
Mineral  matters  in  cell-wall,  108  (Fig. 

65),  695. 
Mitotic  nuclear  division,  97, 118  (Figs. 

77,  78,  81,  82,  83). 
Monadelphous,  518. 
Monarch  bundle,  179. 
Monocarpic  (Fungi),  286,  290. 
Monocarpous,  461. 
Monochlamydeous,  513. 
Monoclinous,  87,  325,  358,  432. 
Monocyclic,  501. 
Monoecious,  86,  325,  432. 
Monomerous  ovary,  521. 
Monopodial  branch-system,  84. 
Monopodinm,  34. 
MonosiphoQous,  259,  267. 
Monosporaogiate  flower,  77,  432,  515. 
Monostely,  146,  152. 
Monosymmetrical,  10,  508. 
Morphin,  707. 
Morphology,  1. 

of  adult  shoot  of,  AndresBacesB  365, 
Anthocerotaceae  352,  ArchidiaoeaB 
866,      JongermanniaoetB     343, 


MarchantiaceflB  836, 8phagnaoe« 
363. 
Morphology  of  AlgsB,  222. 

of  extra-stelarfundamental  tissue, 

159. 
of   primary  tegumentary  tiBsoe, 

151. 
of  reproductive  organs,  67. 

asexual,  70 ;  of  Angiospermae, 
489 ;  of  GymnoepermjB,467. 
sexual,  80. 
of  the  tissue-systems,  144,  151, 

159,  166. 
of  vegetative  organs,  37, 38, 44, 45, 
61 ;  of  GymnospermsB,  463. 
special,  of  members,  87. 
Morphological  differentiation,  2. 
Motile  region,  761. 
.Motility  of  pix>topla8m,  667,  670.  761, 

764. 
Movements,  conditions  of,  760. 
induced,  742. 
mechanipm  of.  761. 
of  cellular  mi*mbets,  785,  736. 
of  growth,  737. 
of  protoplasm,  735. 
of  variation,  737. 
spontaneous,  785. 
Mucilage,  708. 

convetsiou  of  cell- wall  into,  107, 

158. 
secretion  of,  141,  143,  680. 
Mucro,  58  (Fig.  32). 
Mucronate,  54. 
Multijugate,  52. . 
Multilateral  arrangement,  36  (Fig.  13). 

symmetry,  8. 
Multilocular  ovary,  522  (Fig.  836). 
Mycelium,  273. 
Mycorhiza,  273,  710. 
Myrmecophilons  plants,  679. 
Myrosin,  708. 
Myronate  of  potash,  708. 
Myxopod-stage,  283. 

Napiform  root,  63. 
Natural  selection,  780. 
Neck-canal-ceU,  827  (Fig.  235),  877. 
Nectary,  138.  526,  729. 
Negative  geotropism.  685. 

heliotropism,  682,  750. 

pressnre,  699. 
Nicotin,  707. 
Night-position,  689. 
Nitrates,  712. 
Nitrification,  712. 
Nitrobacteria,  712,  719,  731. 
Nitrogen,  710. 
Nitrogenous  organic  snbstanoes,  707. 

reserve  material,  727. 
Node,  21,  46. 
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Non-metallio  elements  of  food,  710. 
NoD-nitrogenons  organic  substances, 
708. 
reserve  material,  727. 
Nncellns,  436,  526. 
Nuclear  disc,  119  (Fig.  77). 

division,  direct,  96  (Fig.  48). 

indirect.  97,  118  (Figs. 
77,  78,  82). 
Nudeo-Lyaloplasm,  95. 
Nndeolos,  93. 

Nucleus.  89,  93,  95,  96  (Fig.  47). 
Nut,  630. 

Nutation,  742  (Fig.  478). 
Nutritive    properties   of   protoplasm, 

667. 
Nyctitropic  movements,  689  (Fig.  471). 

Obcordate,  54. 

Obdiplostemonous,  503  (Fig.  317). 
Oblique  leaf,  49. 

plane  of  flower,  499. 
Eygomorphy,  10. 
Obovate,  54. 
Obtuse,  54. 

Ocrea.  48,  597  (Fig.  402). 
Octant-wall,  329,  372. 
Oidium-cells,  274,  289,  313.  767. 
Oil-drops,  111,  459. 
Oils,  fixed,  708. 

volatile,  708. 
OUy  seeds,  112,  459,  725. 
Oleic  acid,  708,  724. 
Olein,  708,  724. 
Oligomeiy,  501. 
Oligotaxy,  504. 

Ooblastema-filaments,  270,  299. 
Oogamy,  225,  275. 
Oogonium,  83, 220, 228, 238  (Figs.  168. 

169),  249  (Fig.  178),  253  (Fig. 

181),  266  (Fig.  190),  276,   291 

(Fig.  202). 
Oosphere,  3,  81,  116,  225,  265  (Figs. 

190,  191),  277,  326,  377,  462. 
Oospore,  3, 118,225,  275,384, 377. 468. 
Opening  and  closing  of  flowers,  744. 
Operculum,  331,  3il,  361,  368  (Fig. 

253). 
Opposite  members,  26. 
Optimum-temperature,  671. 
Orbicular,  636. 
Organs,  2. 

reproductive,  67,  188. 
vegetative,  37. 
Organic  acids,  708, 728. 
Organised  ferments,  723. 
Origin  of  species,  780. 
Ortbostichy,  25,  26  (Figs.  14,  15). 
Orthotropic  members,  758. 
Ortbotropous  ovule,  437  (Fig.  284). 
(^  Osmosis,  668,  700. 
V,  s.  B. 


Ovary,  79,  433,  495. 

Ovate,  54. 

Ovule,  71,  189,  433. 

anatropous,  487  (Fig.  284). 

ascending,  525. 

campylotropous,  437  (Fig.  284). 

erect,  525. 

horizontal,  526. 

ortbotropous,  437  (Fig.  284),  626 
(Fig.  338). 

pendulous,  626. 

suspended,  626. 
Oxalic  acid,  708,  729. 
Oxygen,  710,  712. 

absorption  of,  722,  726. 

evolution  of,  716  (Fig.  476). 

Palca  of  CompositSB,  662. 

of  Ferns.  396. 

of  Grasses.  545. 
Palisade-tissue,  163  (Fig.  125).  686. 
Palmate.  60  (Fig.  30). 
Palmatifid,  63  (Fig.  32). 
Palmitic  acid,  708. 
Palmitin,  708. 
Panicle,  493. 
Pappus,  460,  660  (Fig.  462),  661  (Figs. 

464,  466). 
Paracorolla,  615. 
ParaheUotropism,  689,  748. 
Paralinin,  96. 
Paramylon,  111. 
Parapbysis,  264  (Fig.  190).  299,  311, 

368,  392,  426. 
Parasites,  273,  689,  647,  711. 
Parasticby,  27. 

Paratonic  effect  of  light,  674,  744. 
Parenchyma,  131,  163  (Fig.  126). 

functions  of,  676. 
Paripinnate,  62  (Fig.  32J,  407. 
Parthenogenesis,  87,  246,  771. 
Partite,  64. 
Passage-cells,  162. 
Pedate,  60  (Fig.  80).  381. 
Pedicel,  77,  490. 
Pedicellate,  77. 
Peduncle,  77. 
Peg,  14. 
Peloria,  612. 
Peltate,  51  (Fig.  31). 
PentacycUc,  502. 
Pentamerous,  600. 
Peptones,  707,  726. 
Perfoliate,  48  (Fig.  29). 
Perianth,  76,  432. 

-leaves.  79,  494,  691. 
Periblem,  146. 
Pericambium,  167. 
Pericarp,  112  (Fig.  70),  271,  629  (Fig. 

344). 
Perichsetial  leaves,  86,  367. 

3  G 


Digitized  by 


Google 


816 


INDEX,    PART   II. 


Perioh8E>tiam,  85,  336. 

PericlidLl,  145. 

Perioyole,  151, 168  (Pigs.  130, 181). 

Periderm,  132,  208,  210  (Fig.  155). 

Peridiolam,  318. 

Peridium,  312. 

Perigyniam  of  Carez,  552. 

of  Liverworts,  338  (Fig.  235). 
Perigynous,  495  (Fig.  310). 
Periniom,  118,  292,  410. 
Periodicity  of  growth,  738,  745  (Fig. 

480). 
Periplasm,  291. 
Perispemi,  440,  458  (Fig.  295),  561, 

594  599. 
Peristome,-  861,  368  (Fig.  252). 
Peritheoiam,  295,  299. 
Permanent  tissue,  131. 
Personate,  511. 
Petal,  79,  494,  691. 
Petaloid,  79. 
Petiole,  46,  48.  690. 
Petiole-climbers,  591,  614,  690  (Fig. 

473),  743. 
Phelloderm,  208,  213. 
Phellogen,  208. 
Phloem,  170, 181. 
Phloem-islands,  205. 
Phosphorescence,  732. 
Phosphorus,  713. 
Phototaxis,  747. 

Phototonic  effect  of  light,  674, 760,  765. 
Phototonus,  674.  760. 
Phycocyanin,  221. 
Phycoerythrin,  99,  221. 
Phycophroin,  221. 
Phycoxanthin,  99. 
Phylloclade,  45  (Fig.  26). 
Phyllode.  49. 
Phylloid  branches,  684. 
Phyllopodinm,  45. 
Phyllotaxis,  27. 

of  flower,  496. 
Physical  functions  of  tissues,  674. 
Physiology,  666. 
Physiological  differentiation.  2. 
Pileus,  310  (Figs.  221,  222). 
Piliferous  layer,  158. 
Pinna,  52.  I 

Pmnate,  60  (Fig.  30). 
Pinnule,  52. 
PistU,  521. 
Pitcher,  690. 

Pith,  151,  166  (Fig.  130),  169. 
Pitted  waU,  105  (Figs.  59,  61),  128. 
Placenta,  72,  374,  390,  408,  436,  524. 
Placental  scale,  469. 
Placentation,  524  (Fig.  338). 

axial,  525. 

axile  or  axillary,  524. 

basal,  525. 


Pkoentation,  free-central,  525. 

marginal,  524. 

parietal,  524. 

superficial,  524. 
Plagiotropic  members,  758. 
Plane  of  symmetry  of  flower,  507. 
Planogametes,  81,  225,  247  (Pigs.  176. 

177),  261  (Fig.  187). 
Plasmodium,  89,  274,  283  (Fig.  198). 
Plastic  products,  670,  727. 
Plastid,  95,  97. 
Pleiochasinm,  35. 
Pleiomery,  501. 
Pleiotaxy,  502. 
Plerome,  146  (Fig.  110). 
Pleurooarpous,  356. 

(Pleurogynous  stigma,  524. 
.Plumule,  20,  446. 
(Pod,  581. 
Podium,  33. 
Polar  bodies,  82,  772. 
Pollen-chamber,  470. 

development  of,  126  (Fig.  85). 
.grain,  70.   434   (Fig.   282),    447 

(Fig.  288),  520. 
-sac,  71.  189,  483  (Fig.  281). 
•tetrads,  434,  564. 
'  -tube,  14,  86,  435  (Pig.  283),  449 

1  (Fig.  289,  290),  457,  527. 

I    Pollination,  452,  774. 
1   Pollinium,  434,  456   (Fig.  294),  564, 
f^  651  (Fig.  452). 

j   Pollinodium,  83,  276,  291  (Fig.  202), 
I  296  (Fig.  207). 

Polyadelphous.  518. 
Polyandrous.  518. 
Polyaxial,  489. 
Polycarpic  (Fungi),  286. 
Polycarpous,  462. 
Polyoydic,  502  (Fig.  316). 
Polyembryony,  441,  471,  770. 
Polygamous,  858,  432,  515. 
Polyhedron* stage,  242. 
Polymerous.  522. 

Polymorphism,  2,  4,  231,  244,  278. 
Polypetalous  corolla,  514. 
Polyphyllous,  514. 
Polysepalous  calyx,  514. 
Polystely,  146, 152. 
Polysymmetrical,  9,  507. 
Polysiphonous,  259,  267. 
Pome,  528. 
Pore,  339  (Fig.  241). 
Porous  capsule,  532  (Fig.  342). 
Positive  geotropism,  682. 
heliotropism,  685,  750. 
hydrotropism,  683,  755. 
Posterior,  499. 
Potassium,  714,  717. 
Potential  energy,  668,  718,  731 
gametophyte,  8. 
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Potential  parasites,  711. 

saprophytes,  711. 
Prefloration,  59. 
Prefoliation,  69. 
Prickle.  66  (Fig.  41). 
Primary  bast,  181. 

bundle,  180. 

differentiation  of,  175. 

desmogen,  151,  176. 

cortex,  160,  207,  213. 

members,  15. 

meristem,  145. 

root,  16.  373. 

shoot,  15. 

wood,  176,  180. 
Primordial  cell,  94. 
Procambiom,  151,  176. 
Procarp,  83.  220,  225,  228,  268  (Figs. 

194,  196). 
Products  of  metabolism.  670,  727. 
Progressive  saccession,  23. 
Proliferation,  76. 

Promyceliam,  279,  289  (Fig.  200),  305 

(Fig.  215),  307  (Figs.  217,  218). 

Prophyllnm,  79,  493,  505  (Figs.  619, 

520). 
Prosenchyma,  131  (Fig.  90),  132,  190, 

196. 
Protandroas.  454. 
Proteids,  707,  720,  724,  727. 
Proteid  crystalloids,  112,  707. 

grains,  112  (Figs.  68-70). 
Proteolytic  enzyme,  680,  724. 
Prothallium,  372,  375,  397  (Figs.  263- 
265),  413  (Fig.  270),  423  (Fig. 
276),  428  (Fig.  278),  448  (Figs. 
289,  290),  450  (Figs.  291,  292). 
Protoconn,  421,  424. 
Protogynous.  454. 
Protonema,   14,  324  (Fig.  232),  833, 

364,  366  (Fig  249). 
Protophloem,  167  (Fig.  130),  176. 
Protoplasm,  4,  89,  93,  95. 

continui^  of,  91  (Fig.  45). 

properties  of,  667. 
Protoxylem,  167  (Fig.  130),  176  (Fig. 

135). 
Psendaxis.  33,  35,  492. 
Psendo-bnlb,  44. 
Pseadocarp,  458,  528. 
Pseudogamy,  777. 

Pseudo  monocotyledonons  embryo,446. 
Pseudo-plasmodium,  283. 
Pseudopodiam,  69.  283. 

of  Bryophyta,  328,  357,  362,  364 
(Fig.  248). 
Pulvinus,  46,  765,  761. 
Pycnidimn,  75,  278,  296. 
Pyrenoid,  100  (Figs.  54,  55),  241,  244, 

353. 
Pyrenin,  96. 


Pyzidinm.  581  (Fig.  342).  658. 

Quadrant-waU,  329,  372. 
Quadrilocolar  anther,  519. 
Qninonnoial,  60. 
Qaioin,  707. 

Raceme,  490. 

Racemose    inflorescences,   490   (Fig. 

309). 
Radial  arrangement,  of  members,  24 
(Figs.  11-16). 
longitudinal  section,  7. 
of  bundles,  176. 
symmetry,  8,  9  (Pig.  2),  607. 
Radiant  umbel,  624. 
Radicle,  446. 
Ramenta,  395. 
Raphe,  437  (Fig.  284). 
Raphides,  113  (Fig.  72),  729. 
Rate  of  growth,  738.  746  (Fig.  480). 
Receptacle,  76,  86,  268,  825,  857.  494. 
Receptive  spot,  102, 116.  227. 
Reciprocal  hybridisation.  775. 
Regular  flower,  507. 
Region  of  elongation,  738,  761. 
Rejuvenescence  of  cells,  116  (Fig.  74). 
I  Replum,  531  (Fig.  342),  603. 
LReproduction,  67,  670,  766. 
^Reproductive  organs,  67. 
[         asexual,  70. 


•p^        sexual,  79. 

property  of  protoplasm,  667. 
Reserve  materials,  727. 
Resin,  709,  728. 
Resin-ducts,  140  (Fig.  102),  466. 

•sac,  140  (Fig.  104). 
Respiration,  669.  722,  726. 
Resupinate,  511,  563. 
Retardation  of  growth  by  light.  674. 
Reticulate  vessels,  104. 
Retinaculum,  456,  565. 
Reversion.  779. 
Rhachis,  76. 
Rhipidium.  86. 
Rhizine,  274,  823  (Fig.  229). 
Rhizogenic  cells,  187,  878,  395. 
Rhizoid.  824.  856. 
Rhizome,  42  (Fig.  23). 
Rhizophore,  427. 
Rib,  51. 
Ricinolein.  708. 
Ring,  79,  417  (Fig.  272). 
Rise  of  temperature  m  germinating 

seeds,  732  (Fig.  476). 
Roots,  5,  7,  61  (Fig.  39). 

adventitious,  62,  189. 

aerial,  68,  165  (Fig.  117),  682. 

branching  of,  62, 186  (Fig.  142). 

functions  of,  680. 

primary,  62. 
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Hoots,  Btrnotnre  of,  61, 146  (Figs.  Ill, 
114,  115),  154,  161,  165  (Figs. 
127,  129,  131).  177  (Figs.  135, 
136),  187  (Fig.  142).  a 

Root-cap,  61. 147  (Fig.  Ill),  211,  682.  ^ 

Root-hairs,  66,  158  (Fig.  123),  681 
(Fig.  468). 

Boot-pressare.  700,  764. 

Root-tabercles,  713. 

RosteUnm,  456  (Fig.  294),  564. 

Rotate,  514  (Fig.  329). 

Rotation  of  protoplasm,  733. 

Ruminated  endosperm,  595,  597. 

Runner,  42. 

Sac,  139, 140  (Fig.  103). 

Sagittate,  54. 

Salicin,  708. 

Samara,  531.  579  (Fig.  381).  616  (Fig. 

418). 
Saprophyte.  273, 283, 293, 3 10, 656, 711. 
Scalariform  vessels,  104. 
Scaly  leaves,  58. 
Scape.  493. 

Sohizocarp,  529  (Fig.  341). 
Schizogenous,  130,  139. 
Schizostely,  152  (Fig.  116). 
Scion.  767. 

Sclerenchyma,  132, 160, 196. 
Sclerenchymatous  tissue,  function  of, 

676. 
Sclerotic  cells,  133  (Figs.  92,  98). 
Sclerotinm,  68,   275.   285,  295  (Fig. 

212).  I 

Scorpioid  cyme,  86,  492.  | 

dichotomy,  83,  (Fig.  18). 
Scntellum,  533  (Fig.  346). 
Scutiform  leaf,  412. 
Secondary  bast,  192, 199. 

conjunctive  tissue,  200. 

cortical  tissue,  213. 

desmogen,  202. 

extra-stelar  tissue,  207. 

members.  19  (Fife.  7). 

sclerenchyma,  196. 

stelar  tissue,  abnormal,  204. 
normal,  191. 

tegumentary  tissue,  208. 

tissues,  differentiation  of.  202. 

tracheal  tissue.  194. 

wood,  194  (Fig.  148). 

wood-parenchyma,  195. 
Secretion,  137,  143  (Fig.  108). 
Secretum,  137, 143. 
Sectile  pollininm.  564. 
Seed,  74,  88,  218,  431,  468  (Fig.  295). 
Segmentation  of  apical  cell,  148  (Figs. 

112-115). 
Segmentation  of  body,  5. 
Self-pollination,  463. 
Semi-amplezicaul,  47. 


Sensitive  petiole,  690  (Fig.  473). 

plant,  689  (Fig.  472).  742,  756. 
Sepal.  79.  494,  691. 
Septate  body,  89,  278. 
Septicidal  dehiscence,  531  (Fig.  343). 
Septifragal  dehiscence,  531. 
Septum,  121,  133. 197. 
Serrate,  52,  54. 

SessUe,  49  (Fig.  28),  77,  490.  517. 
Seta.  75,  830,  334,  360. 

of  Garez.  551. 
Sex,  773. 
Sexual  affinity,  774. 

generation,  3. 

organs,  86. 

process,  3,  69,  275.  770,  776. 

reproduction,  80,  225,  275,  772. 
Sexuality,  772. 
Shield,  252. 

Shoot,  5,  6,  41  (Fig.  22),  184. 
Sieve-plates,  136  (Fig.  97),  199. 

-tissue,  136  (Figs.  97,  98),  678. 

-tubes,  186  (Fig.  97).  199. 
SiHcon,  710,  716. 
SiUcula.  581.  604  (Fig.  407). 
SiUqua,  531  (Fig.  342),  604  (Fig.  407). 
Simple  gonidiophore.  278. 

leaf.  52. 

inflorescences,  490. 

sporophores,  278. 
Simultaneous  whorls,  24. 
Sleep-movements,  689. 
Sliding  growth,  203. 
Sodium,  710,  716. 
Soft  bast,  199. 

Soredium,  68,  321  (Fig.  227). 
Sorosis,  528,  561. 

Sorus,  71.  75,  85,  307,  374,  390  (Figs. 
257,  260),  432. 

bisexual,  87. 

unisexual,  87. 
Spadix,  490. 
Spathe,  79.  490. 
Species,  218. 

Specific  absorbent  capacity,  694. 
Spermatium,  81,  116,  228,  268,  277, 

297,  305. 
Spermatozoid,  8,  81,  115,  227  (Figs. 
190,  191),  326  (Figs.  223,  224), 
377,  400  (Fig.  266). 
Spermogonium,  85,  276,  297,  305,  820 

(f^ig.  226). 
SphflBrocrystal,  114  (Fig.  73). 
Spicate  oapitulum,  492. 

raceme,  492. 
Spicular  cells,  467. 
Spike,  490  (Fig.  309). 
Spikelet,  490. 
Spine,  69  (Fig.  88),  161. 
Spiral  arrangement,  27  (Fig.  15). 

vessels,  104  (Fig.  58). 
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Spongy  parenchyma,  162  (Fig.  125), 

686. 
Spontaneous  movement,  670,  692. 
Sporangium,  70,  189,  280,  278,  374, 

(433. 
Spore,  2,  122  (Pig.  80).  126,  229,  375, 
434,  438,  671. 
asezually  produced,  69. 
^       development  of,  125  (Fig.  84). 

•reproduction,  68,  768. 

•sac,  361. 

sexually  produced,  69. 
Sporidium,  300,  305  (Figs.  215,  217, 

218). 
Sporocarp,  407  (Fig.  269). 
Sporogoninm,  324,  332,360,369  (Figs. 

251,  253). 
Sporophore,  70,  75,  278. 
Sporophyll,  59,  70,  77,  432. 
Sporophyllary  leaves,  691. 
Sporophyte,  2,  69,  217,  298. 
Sport,  779. 
Spur,  511. 
Spurious  fruit,  528. 

tissue,  92. 

whorl,  24. 
Squamulce  intravaginales,  536. 
Stamen,  78,  432. 
Staminate  flower,  78,  432,  515. 
Staminodium  or  staminode,  518, 
Starch,  109,  708,  717,  724,  727. 

•grains,  98  (Fig.  51),  109  (Fig.  67). 

-sheath,  705. 

-stars,  68,  255. 
Stearin,  708. 
Stele,  146, 151. 
Stem,  5,  6. 

function  of,  683. 

herbaceous,  44. 

monostelic,  146,  173. 

polystelic,  146,  173. 

-tendril,  43  (Fig.  24),  619. 

trunk,  44. 

twining,  43  (Fig.  24),  647. 

winged,  44. 
Stereom,  188, 144, 161  (Fig.  124),  170, 

676. 
Sterigma.  75.  276.  289,  296  (Fig.  205), 
301  (Fig.  211),  805  (Figs.  215, 
217),  312  (Figs.  219,  220,  228). 
Stiehidium,  75,  268  (Fig.  193). 
Stigma,  433,  523  (Fig.  387). 
Stimulus,  670. 
Stipe,  310. 
Stipel,  48. 

Stipule,  47  (Fig.  28). 
Stock,  767. 
Stolon,  42. 

Stomata.  156  (Fig.  118),  156  (Fig.  119), 
157  (Fig.  120). 

function  of,  698,  764. 


I   Stomium,  395. 

I  Stratification  of  cell-wall,  105  (Fig. 
.        60). 

r Streaming  of  protoplasm,  785. 
i^Striation  of  cell-wail,  106  (Fig.  64). 

Stroma,  295,  301  (Fig.  212). 

Strophiole,  460. 

Strychnin,  707. 

Style,  433,  523  (Fig.  337). 

Stylogonidium,  278. 

Sub-hymenial  layer,  311  (Fig.  219). 

Subtending  leal,  81. 

Successive  whorls,  24. 

Succulent  fruits,  529,  532. 

Succulent  plants,  catabolism  of,  725. 

Succubous  leaves,  346  (Fig.  244). 

Sucroses,  708. 

Sugars,  708. 

Sulphobaoteria,  719,  781. 

Sulphur.  «0,  718. 

Superior  ovary,  495. 
,   Superposed  members,  25,  497. 

Supply  of  energy,  717,  780. 

Suppression,  505. 

Suspensor,   14,  372,  424  (Figs.  275, 
278,  279),  441  (Figs.  286,  287). 

Syconus.  528,  578  (Fig.  379). 
.  Symbiosis,  278, 319, 347, 412, 710, 713. 

Symmetry  of  body,  8  (Figs.  1-4). 
of  flower,  507  (Figs.  322-328). 

Sympodium,  33,  36. 

Synandrium,  518,  539. 

Synangium,  72,  375,  .383. 

Synaptase,  724. 

Syncarpous,  521  (Fig.  385),  529. 

Syncyte,91.  118, 129, 141. 
,   SynergidsB,  451  (Fig.  292). 

Syngenesious  anthers,  518. 

Systems  of  classification,  216. 
;   Systole,  736. 

,  Tangential  longitudinal  section,  7. 
Tannin,  708,  729. 
Tapetum,  73,  885,  393,  410,  433,  438, 

519. 
Tap-root.  62,  464. 
Tartaric  acid,  708. 
Tegumentary  tissue,  144, 
function  of,  675. 
I  primary,  153. 

secondary,  208. 
-system.  144. 
Teleutogonidium,  278,  805  (Figs.  214- 

217),  314. 
Teleutospore,  278. 
I  Temperature,  671. 
I   Tendril,  43  (Fig.  24),  58, 619, 685,  743. 

Tentacle,  66  (Figs.  42,  43),  711. 
,  Terebene,  709. 
Terminal  bud,  20. 
Temate,  53  (Fig.  32). 
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Terpenes,  709. 

Testa,  459. 

Tetraoyolio,  501. 

Tetraroh,  179. 

Tetradyxiamoas,  518,  602. 

TetragonidAngium,  75,  280. 

Tetragonidiam,  69,  280,  267. 

Tetraspore,  268. 

Thalloid  shoot,  5,  88. 

Thallophyte,  5. 

ThaUns,  5,  87, 184, 220,  222. 

Theca  of  Bryophyta,  71,  75,  860,  869 

(Fig.  252). 
Theoffi  of  anther,  516. 
Thein,  707. 
Theobromin,  707. 
Theory  of  apposition,  762. 

of  intassosoeption,  762. 

of  reprodnotion,  780. 
Thorn,  44  (Fig.  25),  684. 
Tissue,  91, 128. 

aqueous,  161, 164. 

conjunctiTe,  151,  200. 

onticularised,  182  (Fig.  91). 

embryonic,  181. 

eztra-stelar,  159,  207. 

formation  of,  121, 128,  128. 

forms  of,  92,  131. 

functions  of,  674. 

gUindular,  187]Fig.  100),  204,679. 

ground-,  144  (Fig.  109),  159. 

heterogeneous,  92. 

homogeneous,  92. 

intra-stelar,  159, 166, 191. 

sclerenchymatous,  182  (Fig.  94), 
676. 

secondary,  191  (Figs.  148-158). 

sieve-,    135    (Figs.  97-99),    181, 
678. 

spurious,  92. 

-systems,  144. 

tegumentary,  144  (Fig.  109),  158. 
160,208,675. 

thick- walled  parenchymatous,  132. 

thin- walled  parenchymatous,  131 
(Fig.  91). 

tracheal,  133  (Fig.  95),  170,  677. 

vascular,  170. 
Torsion,  12. 

of  twining  stems,  759. 
Toms  of  bordered  pit,  129  (Fig.  88). 

of  flower,  77,  494. 
Trabeculae,  71.  385  (Fig.  256). 
TrachesB,  134  (Fig.  95),  180,  194,  203. 
Tracheal  tissue,  133, 170.  677. 
Tracheid,  134  (Fig.  96),  200  (Fig.  151), 

203  (Fig.  158). 
Trama,  811  (Fig.  219). 
Transfusion-tissue,  169,  465. 
Transition  from  root  to  stem,  179. 
Transmission  of  stimuli,  756. 


Transpiration,  669,  686,  696. 

-current,  699,  702. 
Transverse  section,  7. 
Triohogyne,  84,  228,  250  (Fig.  179), 
268  (Figs.  194, 195),  296  (Pigs. 
207,  208). 
Trichothallic  growth,  228. 
Trichophore,  270  (Fig.  195). 
Trimorphic  flowers,  455,  680. 
Tripinnate,  52. 
Truncate,  54. 
Trunk,  44. 

Tuber,  41  (Fig.  22),  565  (Fig.  371). 
Tnberdes  of  roots,  718. 
Tuberous  root,  68,  683. 
Tnrgesoence,  668. 
Turgid,  668. 
Turgidity,  668. 
Twining  of  climbing-stems,  48,  759. 

of  tendrils,  743. 
Turpentine,  708. 
Tyloses,  185  (Fig.  %). 
Tyrosin,  707,  724. 

Umbel,  491  (Fig.  809),  625. 
UmbeUule,  491. 
Umbo,  485. 
Uniaxial,  89,  489. 
Unijugate,  52. 
Unilocular  ovary,  582. 

sporangium,  71. 
Unisexual,  87,  482,  515. 
Unorganised  ferments,  669,  722. 
Unseptate  body,  89,  222,  288,  278. 
Uredogonidium,  278,  305  (Figs.  214, 

216).  314. 
Uredospore,  278. 
Urn,  868. 
Utriculus,  551  (Fig.  858). 

Vacuole,  98  (Fig.  46),  113. 

contractile,  102,  786. 
Vaginula,  330,  862. 

VaUecular  cavities,  158  (Fig.  116),  418. 
Valve  of  Diatoms,  258. 

of  fruits,  581. 
Valvular  dehiscence  of  anther,  520, 

596  (Fig.  400). 
VariabiUty.  779. 
Variation,  777. 

in  direction  of  growth,  789. 

in  rate  of  growth,  788. 
Variety,  218,  778. 

Vascular  bundles,  170, 172  (Figs.  182- 
139),  194  (Fig.  146). 

tissue-system,  144, 170. 
VegetoUve  ceU,  387,  430,  448  (Figs. 
289,  290). 

organs,  87. 

reproduction,  67,  767. 
eproductive  organs,  13,  767. 
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Velamen,  134, 155  (Fig.  117),  682. 
Velnm,  72,  311,  312  (Fig.  222),  384 

(Pig.  256). 
VenatioD,  free,  55  (Fig.  33). 

furcate,  55. 

paraUel,  55  (Fig.  34). 

reticulate,  55  (Fig.  35). 
Venter,  326,  876. 
Ventral  canal-cell,  82,  117,  326,  377. 

scales,  334,  336,  340,  342. 

suture,  522. 
Vernation,  59,  742. 
VersatUe  anther,  517  (Fig.  331). 
Verticillaster,  493,  642. 
Vessel,  134. 

Vezillum,  635  (Fig.  435). 
Vital  functions  of  the  tissues,  674. 
Vitt8B,  625  (Fig.  426). 
Volatile  oils,  708. 
Volva,  312,  319. 

Wart,  66. 

Waste  products,  670.  727,  728. 
Water-culture,  715  (Fig.  474). 
Water,  absorption  of,  693. 
distribution  of,  700. 
stoma,  138  (Fig.  100),  157  (Fig. 
121),  730. 


Wax,  155. 

Whorl,  23  (Fig.  11),  25  (Fig.  12),  496. 

Wings  of  fruits,  631,  617. 

of  leaf,  45. 
Witches*  brooms,  711. 
Wood,  170  (Figs.  126,  130,  133,  134, 

137),  194,  677. 
Wood-parenchyma,  132, 195. 
Woody  fibre,  196  (Fig.  148). 
Woronin's  hypha,  298. 

Xerophilous  plants,  628,  675,  687. 
Xylem,  170  (Figs.  127, 139, 146,  147), 
677; 

Zinc,  716. 

Zonate  tetragonidia,  267. 

Zoocyst,  285. 

Zoogloea-stage,  281  (Fig.  197). 

Zoogonidium,  69,  115  (Figs.  74,  75), 

226,  248,  283,  286,  291  (Figs. 

203,  204). 
Zoospore,   69,  229,  247    (Figs.    176, 

178). 
Zygomorpnic  symmetry,  8, 10,  508. 
Zygospore,  80,  118  (Fig.  76),  220,  225, 

229,  242,  244  (Figs.  178,  175, 

176). 
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